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Executive Summary

Accessibility is a fundamental concept concerning urban and transport planning as it is
the elementary basis for socio-economic development in cities. It can be described as
the potential to reach spatially distributed opportunities. Recent research has identified
that excluding person-based features from this analysis might cause inaccurate
measurement of accessibility. Age, gender, and income, for instance, are responsible for
varying accessibility levels drastically. In addition, studies worldwide have shown that
women face different challenges in reaching locations and spatially distributed
opportunities. Despite the findings, this research identifies a gap in understanding how a
person-based perspective, mainly gender, and other personal characteristics, affect
accessibility levels, considering various travel purposes and transport modes.

Thus, this research aims to answer the question, “How do personal characteristics,
mainly gender, can impact accessibility levels?”. The primary objective is to explore
how these characteristics influence accessibility metrics, identify the urban groups most
affected by the absence of this perspective, and determine the key personal
characteristics that significantly impact accessibility levels. To address these objectives,
this study considers a combination of quantitative and case-study research approaches.
It investigates the Metropolitan Region Rotterdam-The Hague in The Netherlands by
applying surveys to obtain perceived accessibility data. In the same region, spatial
analysis is conducted by mapping transport networks and points of interest. Then, this
study compares spatially calculated accessibility with self-reported accessibility and the
presence of mismatches. In addition, cluster analysis identifies the urban profiles most
vulnerable to mismatches and their main characteristics. A Binary logistic regression is
conducted to determine the variables’ importance in the mismatch occurrence.

From the survey answers, it is identified that women have less access to cars than men.
In addition, the comparison between perceived accessibility and spatial accessibility
uncovers that women present the most critical mismatches to reach activities by car. In
other words, several women perceive the car as an impractical option to access points of
interest that are spatially considered reachable by car. It raises the hypothesis that their
lack of car access highly impacts their accessibility perception. Furthermore, the
clustering analysis reveals that foreign women exhibit a higher prevalence of car-related
mismatches when compared to other urban groups. Moreover, this research identifies
that fathers of young children also encounter greater disparities across all transportation
modes. Additionally, the binary logistic regression underscores the importance of safety
as a critical factor influencing women’s perception of walking as a viable mode of
transportation. This safety importance is also identified from the survey answers.

However, it is essential to acknowledge the limitations of this study, including a small
and potentially biased sample size of perceived accessibility data collected from
surveys. These limitations can have an impact on the spatial and perceived accessibility
comparison, clustering analysis, and logistic regression outcomes. Additionally, the
reliability of open-source points of interest descriptions and the sensitivity of threshold
definitions impose constraints on spatial analysis.



Several recommendations for further investigation are proposed based on the research
findings and limitations. Firstly, an in-depth analysis should be conducted to understand
the barriers fathers of young children face when accessing proposed activities.
Furthermore, a comprehensive investigation of car access issues among women,
particularly foreigners, is recommended. Additionally, evaluating how safety perception
of women varies across different spatial contexts can provide valuable insights into
factors impacting women's nighttime walkability.

In summary, this study contributes significant value to urban science area by employing
a unique combination of techniques to examine the impact of personal characteristics on
accessibility levels. The findings raise new hypotheses that warrant investigation in
transport engineering, urban planning, and social sciences. Consequently, this research
can contribute to developing more inclusive transport policies and establishing a more
equitable transport system.
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1. Introduction

Access to people, goods, services, and information forms the foundation of socio-
economic development in cities. To comprehend and maintain a certain level of
accessibility for citizens, it has become crucial to measure this access, considering each
city's distinct spatial structure and transportation system (Rode et al., 2017).
Furthermore, the accessibility metric serves as a valuable tool in identifying social
inequalities and highlighting the necessity for adjustments in transportation systems or
land use patterns. By utilizing accessibility as a key indicator, cities can effectively
address disparities, foster sustainable transportation practices, and enhance overall
urban well-being (Bhat et al., 2000).

Thus, accessibility is a concept of continuing relevance in urban planning and
transportation research. Despite many different definitions, it can be commonly
described as the potential for reaching spatially distributed opportunities for
employment, recreation, and social interaction (Péez et al., 2012). However, scholars
might consider different approaches to obtain this measurement; some studies focus on
spatial metrics (Handy & Niemeier, 1997), while others include metrics based on
personal characteristics (Paez et al., 2012; Ryan & Pereira, 2021; Tiznado-Aitken et al.,
2020).

The physical movement to reach the opportunities, also called mobility, plays an
essential role in accessibility. However, accessibility does not just consider people's
mobility. Other factors might affect their capability to access opportunities, such as the
quality and affordability of transport options and people’s ability to use them (Levinson
& King, 2020). Thus, access sees movement as means, not an end. The end is the ability
to participate in the intended activity of the traveler (Levinson & King, 2020).

Accessibility levels vary dramatically according to individuals' characteristics, such
as age, gender, income, or physical and cognitive functioning (Ryan & Pereira, 2021).
The distinct ability to participate in intended activities can be identified when analyzing
women's main mobility constraints compared to men's. According to studies worldwide,
mainly qualitative, many women face frightening situations in their everyday mobility
and women feel particularly unsafe in the darkness in car parks, garages, underpasses,
and public parks (Stark & Meschik, 2018). Consequently, it might cause women to have
restricted mode choices for travel at this time of the day (P. Zhang et al., 2022).
Moreover, women choose the nearest alternative due to gendered everyday-life
constraints (Gil Sola & Vilhelmson, 2022).

All these factors show that women face different challenges in reaching locations
and spatially distributed opportunities. Although cities are becoming more aware of the
importance of emphasizing women's needs in urban public spaces, it still needs to be
explicitly determined what needs to be done (Priya Uteng et al., 2019). In addition,
women's mobility is historically disciplined through patriarchal control (Dulhunty,
2022). Therefore, excluding personal characteristics from the study and definition of
transport systems and urban planning analyses might generate overestimated
accessibility levels while individual differences are underestimated (Ryan & Pereira,
2021). Consequently, not considering personal characteristics in accessibility analysis
can lead to a distorted understanding of accessibility levels, underestimated individual
differences, perpetuated gender disparities, and missed opportunities for inclusive urban
planning.

The literature review reveals a knowledge gap in investigating the impact of gender
and other personal characteristics on accessibility levels, comparing person-based
perspective with location-based perspective and including (safety) perception in this
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analysis. The current body of quantitative (Péez et al., 2012; Ryan & Pereira, 2021) and
qualitative (Geurs & Van Wee, 2004)literature on accessibility calculation has explored
location-based and person-based perspectives but without a primary focus on gender
and other personal characteristics. Similarly, quantitative (Gil Sola & Vilhelmson, 2022;
Havet et al., 2021; Lo & Houston, 2018; Tiznado-Aitken et al., 2020) and qualitative
(Loukaitou-Sideris, 2020; Porrazzo et al., 2022; Priya Uteng et al., 2019) studies
specifically investigating gender and accessibility have been limited to specific contexts
such as one transport mode or activity type. In addition, none of these studies compare
perceived accessibility (person-based) with spatial accessibility (location-based). Also,
most studies do not include participants' (safety) perception, which is a critical
component when investigating accessibility disparities among men and women.

Thus, the main research question of this study is "How do personal characteristics,
mainly gender, can impact accessibility levels?". This research aims to investigate the
difference in accessibility metrics when a person-based perspective is considered. Apart
from a primary investigation of men's and women's perceived accessibility distinction,
this study analyzes other variables such as economic level, ethnicity, and age. This
research investigates The Metropolitan Region Rotterdam The Hague (MRDH) in The
Netherlands. However, it aims to become reproducible research in other areas.

This research is a Master's Thesis of the program Complex System Engineering and
Management (CoSEM) at Delft University of Technology (TU Delft). This study is
linked to this program due to several reasons. Firstly, it consists of the analysis of a
socio-technical system. The transport network options describe the technical
component, while the transport system users represent the social component. In
addition, measuring accessibility is complex since it relies on a non-linear and dynamic
network. Therefore, accessibility is modeled and evaluated based on COSEM
methodologies, such as network analysis combined with urban data science techniques
and statistical approaches.

The results represent relevant value for society and science since this study aims to
provide material for further research and support gender equality in urban planning and
transport policies. Moreover, this research represents a multidisciplinary scholarly topic
that combines transport engineering, urban planning, and social science. Therefore, the
study aims to evaluate relevant distinctions in accessibility perceptions, and the
outcomes are potentially valuable to designing interventions in all disciplines.

The structure of this research is as follows: Chapter Two provides an extensive
analysis of the theme, focusing on the relationship between gender and accessibility
through a comprehensive literature review. In this Chapter, the sub-research questions
are described. In Chapter Three, the research approaches of this study are presented.
The methodologies employed to address these sub-research questions and ultimately
answer the main research question are described in Chapter Four. The findings obtained
from the analysis are presented in Chapter Five. Subsequently, Chapter Six delves into a
detailed discussion of the results obtained in the previous analysis. Finally, Chapter
Seven concludes the project by providing answers to the research questions proposed,
thereby offering a comprehensive summary of the research findings.
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2. Theoretical Background

This chapter leads to a literature review regarding gender and accessibility. The
following sections describe the literature review approach and its main findings. In this
sequence, the research gap of this study is presented.

2.1 Literature Review Approach

This literature review is divided into two main parts. First, it investigates
accessibility definitions and studies that analyze the heterogeneity of people in
accessibility metrics. This part's goal is to model accessibility for this research. Second,
this review analyses the main findings about the relationship between gender and
accessibility and how the former might impact the other.

This literature review considers the article selection based on three primary
sources/techniques. The supervisors indicated some articles, others were searched on
Scopus, and finally, one piece was found through citation tracking. Scopus is used
because it is a reputable platform covering recent articles, journals, and book
publications. Since our primary focus is on the female gender and it was previously
stated that mobility is highly related to accessibility, this search process considers a
combination of different words such as "Gender," "Women," and "Woman" combined
with "Accessibility” and "Mobility."

The selection criteria for the articles available on Scopus is first based on the
abstract and its relevance to the problem discussed. In addition, this research prioritizes
the most recent articles published, considering that the relationship between women and
accessibility/ mobility might have changed in the last few decades. Also, this process
finds geographical scope as a criterion. It prioritizes studies concerning countries or
regions with similar economic conditions as The Metropolitan Region Rotterdam The
Hague (MRDH)-The Netherlands, the chosen geographical area for this research.
Considering these criteria, all articles analyzed in this literature review are described in
Table 2.1.

Table 2.1: Research techniques and respective articles selected

Research Author Research Year  Title Research  Geographical
string or focus Platform  Scope
source

Indicated by Péez et Accessibility 2012  Measuring accessibility: - Canada

the supervisor  al. Definition positive and normative

implementations of
various accessibility

indicators
Indicated by Ryan &  Accessibility 2021  What are we missing - Sweden
the supervisor  Pereira Definition when we measure

accessibility? Comparing
calculated and self-
reported accounts among

older people
Indicated by Van Wee Accessibility 2004  Accessibility evaluation - None
the supervisor & Geurs  Definition of land-use and transport

strategies: review and
research directions
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Indicated by Tiznado-  Accessibility 2020  Understanding - Chile

the supervisor ~ Aitken et  Definition, accessibility through
al. Gender and public transport users’
Accessibility experiences: A mixed
methods approach.
“Gender”, Havetet Genderand 2021  Why do Gender Scopus France
“Mobility” al. Accessibility Differences in Daily

Mobility Behaviours
persist among workers?

“Accessibility, Lo & Gender and 2018  How do compact, Scopus United States
” “Gender” Houston  Accessibility accessible, and walkable of America
communities promote
gender equality in spatial

behavior?
“Gender, Porrazzo Genderand 2022  Gender and mobility Scopus Denmark
“Mobility” et al. Accessibility planning: The influence

of national culture on
planning processes.

‘Gender,’ Gil Sola  Genderand 2022  To choose, or not to Scopus Sweden
‘Proximity’ & Accessibility choose, a nearby activity

Vilhelms option: Understanding

on the

gendered role of
proximity in urban

settings
Citation Loukaito Gender and 2020  Engendering Cities: - None
Tracking u-Sideris  Accessibility Designing sustainable

space for all: A
Gendered View of
Mobility and Transport

‘Gender,’ Priya Gender and 2021  Chapter Two - Gender Scopus Both Global
‘Mobility’ Uteng et  Accessibility gaps in urban mobility North and
al. and transport planning Global South

2.2 Accessibility definitions and metrics

Despite the vast amount of studies regarding accessibility, its definition
considerably varies depending on the analysis purposes. It can be defined as the
potential for reaching spatially distributed opportunities for employment, recreation, and
social interaction (Péez et al., 2012). Some scholars also include the ease with which
this potential can be realized (Ryan & Pereira, 2021; Tiznado-Aitken et al., 2020), the
travel costs, and the weight of the activity (Tiznado-Aitken et al., 2020). Depending on
the approach, it also includes choice behavior (Wu & Levinson, 2020). The variation of
accessibility metrics can be explained by its multi-disciplinary factor. Accessibility
metrics come from Topological, Engineering, and Planning; Economics, Computer
Science, and Network Science (Wu & Levinson, 2020).

Another relevant accessibility definition provided by Van Wee and Geurs (2004)
describes it in four main components: land use, transport, temporal and individual. The
land-use component is related to the spatial distribution of activities; the transport
component describes the transport system, such as costs and comfort-related; the
temporal component reflects temporal constraints, such as the availability of
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opportunities at different times of the day and finally, the individual component reflects
the needs, abilities, and opportunities of individuals. Applied accessibility metrics focus
on one or more components of accessibility, depending on the perspective taken.

In addition to the components, four essential perspectives on measuring accessibility
can be defined (Geurs & Van Wee, 2004): infrastructure-based metrics, which analysis
the transport infrastructure; location-based which analyses the spatial distribution of
activities; person-based which consider the activities in which an individual can
participate at a given time and utility-based metrics which analysis the economic
benefits that people derive from access.

One of the most common accessibility metrics is called Cumulative Opportunities,
which considers the location-based perspective (Levinson & King, 2020). It calculates
the number of destination opportunities (O) that can be reached from origin i to
destination j, constrained by some cost measure (C;;) function (f), as described in
Equation 2.1.

]
A= ijl 0; f(Cij) (2.1)

The Primal Access metric considers the number of opportunities reached from a
fixed cost. Thus, the cost function is constrained by a threshold (t). If the cost is higher
than the threshold, the cost function is equal to 0, which annulates the opportunity (O).
The function f (C;;) can be described by Equation 2.2.

On the contrary, the Dual Access measure considers the time or cost required to
reach a fixed number of opportunities (Wu & Levinson, 2020). Therefore, the primary
distinction between the Primal and Dual Access metrics is that the former uses a fixed
cost threshold to determine the number of opportunities that can be reached, whereas the
dual measure considers the number of opportunities that can be reached to be constant
and access is determined by the cost of doing so. The primal and dual metrics are
variations of cumulative opportunities metric (Wu & Levinson, 2020).

The function £(C;;) can be called an impedance factor. Time, distance, money cost,
and other travel-related expenses impede travel and reduce access. Some of the most
used travel cost approaches are distance or travel time from origin to destination (Wu &
Levinson, 2020).

Based on these concepts and equations, scholars have analyzed how the
heterogeneity of people impacts the variation of accessibility measurements. In other
words, they had included the person-based accessibility perspective on it. Measures of
accessibility that consider people's qualities and limitations can be beneficial for social
assessments of modifications to land use and transportation (Geurs & Van Wee, 2004).
Furthermore, overlooking the heterogeneity in people's perception of their accessibility
tend to overestimate accessibility levels and underestimate accessibility inequalities
(Ryan & Pereira, 2021).

To analyze accessibility calculation, including the person-based perspective, Paez et
al. (2012) distinguish between two accessibility implementations called normative and
positive. They describe normative as the desired behavior of travelers or location of
services, whereas positive is the actual behavior of travelers or area of services. Péaez et
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al. (2012) rely on the primal access metric and differ normative and positive approaches
by calculating thresholds (t) differently.

In their normative approach, the threshold is calculated by the average travel
distance of a specific group based on a previous Travel Survey. For instance, a
threshold of 3.6 km is the average trip length of women aged 2035 in the Montreal
region (Péez et al., 2012). On the other hand, the positive approach calculates a
threshold based on the expansion method. It is a simple tool to generate models with
spatially-varying coefficients, which allow the analyst to obtain location- and person-
specific estimates of distance traveled. It is a data-intensive method that calculates the
threshold considering coefficients based on a person's income, household composition,
age, vehicle possession, and other characteristics.

Ryan and Pereira (2021) also focus on the heterogeneity of individual
characteristics, mainly older people, and its impact on accessibility measurements. Part
of their study also relies on the primal access measurement and calculates the number of
critical activities reachable within a timeframe from the study participants' address. For
that, it maps the transport network system of public transport, car, cycling, and walking
options in a city. It calculates the reachable amount of opportunities for each transport
mode type. It categorizes as "less accessible™ if the number of critical activities is below
the neighborhood's mean and "more accessible™ if it is above the mean. In parallel, this
study applies surveys to obtain individuals' perceptions about their capabilities to reach
an essential activity by a transport mode. Therefore questions were asked regarding the
feasibility of using a transport mode to get a key activity from the participant's
perspective.

Moreover, Tiznado-Aitken et al. (2020) present a conceptual framework that
combines quantitative and qualitative approaches to calculate "Perceived Accessibility."”
The qualitative approach collects empirical data about user experience and accessibility
perception through interviews, and it enables the definition of user-profiles and their
main characteristics. For example, one group is more likely to be composed of young
people, men, and higher-income users, while the other group is likely composed of
women, older people, and low-income users. According to these user profiles, this study
defines coefficients such as different walking speeds depending on gender and age
categories, different perceptions of waiting time for men and women, and different
sensitivity to comfort or crowded conditions. The coefficient values are based on
previous studies.

Then, these coefficients are incorporated into the quantitative approach, which
calculates the travel time expression of trips considering different transport modes.
Table 2.2 summarizes the studies' approach to incorporate person-based analysis on
accessibility measurements.
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Table 2.2: Research approaches to measure accessibility and include person-based perspective

Author Accessibility Equation Location-based Person-based Accessibility
perspective perspective Analysis
incorporation
Paezetal.  Primal Access Measure Cumulative  This study does not Terminology: Comparison
(2012) Opportunities calculate accessibility Normative between
exclusively by Normative and
A; = Z]-_ 0, 1(C;)) location-based y; = average Positive
J=1 perspective. travel distance of ~ Cumulative
. agroup. E.g: 3.6 Opportunities
ey <71) = { o gt]";g;]?;e’[]‘re““’]d"a]”e] km Measurements
Terminology:
Positive
Y; = expansion
method
Ryan & Primal Access Measure Cumulative  Terminology: Terminology: Comparison
Pereira Opportunities Calculated Self-reported between
(2021) / Calculated and
A = Z 0; 1(C;) Categorized as lessor ~ Perceived Self-reported
= more accessible areas capability touse a  capability of
based on the mean of transport mode to  using a
lew <) - { 1 if ¢y < 7, (threshold value) OppoOrtunities (0;) reach the. o transport mode
R 0 otherwise available in a 30- opportunitiesina  to less and
minute timeframe (y;)  30-minute more
by a transport mode. timeframe (y;). accessible
areas.
Tiznado- Terminology: Terminology: Incorporation
Aitken et Travel time expression Quantitative Qualitative of Qualitative
al. (2020) d. data and
ljp = dee =+ By oy + €acoli + Do Quantitative travel time  User-profile person-based

Vi

measurements, a
gender-neutral
assessment, without
differences between
age and income.

definition from
surveys

Terminology:
Quantitative

Calculation of
travel time ¢,
based on
coefficients
calculated
according to the
different user-
profile definition

coefficients on
guantitative
measurements

The three studies defend that these perspectives can complement one another,
leading to better accessibility and understanding and, consequently, better policy
outcomes. Péez et al. (2012) describe that positive measures consider the connection
between accessibility and social ideals of inclusion and how accessibility varies in
disadvantaged populations. According to Ryan and Pereira (2021), traditional
accessibility measurements frequently assume that everyone can use a particular mode
of transportation to the same degree, which tends to overstate accessibility levels and
underestimate accessibility inequities. Tiznado-Aitken et al. (2020) show that it is
possible to determine attributes previously overlooked in quantitative studies but are
relevant for analyzing the accessibility of population groups. Tiznado-Aitken et al.
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(2020) is the only study that presents accessibility analysis distinguished by gender,
however, it is not the core of the research.

2.3Gender and Accessibility correlation

The second part of this literature review analyses how gender influences
accessibility perceptions. The main goal of this literature review part is to comprehend
the methodologies and outcomes employed by studies that predominantly delve into the
intersection of gender and accessibility.

As described previously, mobility is considered a means to access distributed
opportunities, and thus, constraints in mobility generate a relevant impact on
accessibility results. This literature review identifies gendered distinctions in
accessibility aspects, such as mobility barriers, activities preferences, quality,
affordability, and travel options. These are seen as relevant aspects that impact the
potential to access desired locations and opportunities.

According to Tiznado-Aitken et al. (2020), women are usually more worried about
safety and comfort. Fear of sexual harassment and personal security remain significant
concerns in negotiating daily mobilities (Priya Uteng, 2021). They change their travel
patterns more than men, modifying transport routes, modes, and times and even
deciding not to travel. As a consequence, cars or other private alternatives are usually
considered. Furthermore, compared to women, men have larger activity spaces and
conduct their activities further from home (Lo & Houston, 2018; Porrazzo et al., 2022;
Priya Uteng, 2021). Women choose the nearest alternative due to gendered everyday-
life constraints and likely environmental concerns (Gil Sola & Vilhelmson, 2022).

In addition, unemployed and employed women shoulder more household
responsibilities in childcare and maintenance tasks (Havet et al., 2021; Lo & Houston,
2018); however, this behavior may vary considerably according to the urban space
distribution. In the case of compact urban development, couples have greater flexibility
to divide household activities outside of the home. On the contrary, the flexibility is
lower in the suburbs due to their dispersed land uses. Therefore, close urban
development can help alleviate gender inequalities in households' out-of-home
responsibilities.

Moreover, in the case of a more distant alternative, women use public transport
more than a car, while men use more cars than public transport use. It confirms that
women use cars to a lesser extent than men (Priya Uteng, 2021). Gender differences in
travel patterns appear to be as much related to differences in access to the car and
various factors that strongly influence mobility (e.g., age, number of children, level of
education, and income) (Havet et al., 2021).

Furthermore, (Loukaitou-Sideris, 2020) describes four main barriers to mobility
among women. Women might face a cultural barrier considering that they are primarily
responsible for domestic chores and caregivers for children in many cultures. In
addition, there are economic barriers where women lack financial resources for a car,
for example. The lack of adequate infrastructure for walking with strolls and kids
represents a physical barrier, while the fear of harassment is a psychological barrier.

In brief, this part of the literature review supports that women and men face different
constraints to access distributed opportunities spatially. For instance, they might be
related to economic or psychological barriers to using a transport mode or their
perception of reasonable travel time. Table 2.3 describes the main findings of this
literature review part, the correspondent authors, research approach and methodologies.
The methodologies are specified according to the four perspectives to measure
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accessibility described by Van Wee & Geurs (2004): infrastructure, location, person and
utility-based. Notably, the majority of the methodologies adopt a person-based
perspective, as the focus of the papers is on investigating gender, an individual factor

influencing activity participation.

Table 2.3: Main Findings regarding gender and accessibility correlation

Authors Approach Methodology Main Findings
Gil Sola and Quantitative  Surveys (Person-based)
Vilhelmson and Case Women choose the
(2022) Study Urban Densification nearest alternative,
Analysis (Location-based) which indicates the
Porrazzo et al.  Qualitative  Literature Review (Person-  presence of gendered
(2022) based) everyday-life
constraints.
Experts Interviews (Person-
based)
Priya Uteng Qualitative  Literature Review (Person- ~ Women use cars to a
(2021) based) lesser extent than
men.
Women change travel
patterns more than
men.
Lo and Quantitative  Survey (Person-based)
Houston and Case
(2018) Study Built environment indicators
(Location-based)
Women shoulder
more household
responsibilities in
Havet et al. Quantitative  Survey (Person-based) childcare.
(2021) and Case
Study Differences in car
access and various
factors strongly
influence mobility
patterns.
Tiznado- Quantitative, Surveys (Person-based) Women are usually
Aitken et al. Qualitative  Interviews (Person-based) more worried about
(2020) and Case Public Transport Data safety and comfort,
Study Analysis (Location and impacting their
infrastructure-based) transport mode
choices.
Loukaitou- Qualitative  Literature review (Person- Women face physical,
Sideris (2020) based) economical,

psychological, and
cultural mobility
barriers.
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2.4 Research Gap

The first part of this literature review has shown that in addition to research
regarding the location-based perspective on accessibility calculation, scholars have
focused on including a person-based perspective. However equally important, the
infrastructure and utility-based perspectives are seen as the last common in this research
scope. Péez et al. (2012) include an expansion method to obtain person-based
accessibility thresholds. Ryan & Pereira (2021) compares calculated with self-reported
accessibility measurements for older adults. Tiznado-Aitken et al. (2021) combine
quantitative and qualitative approaches to obtain ‘perceived accessibility measurements’
in public transport. Van Wee & Geus (2004) does not calculate the accessibility of a
specific case but described the fundamental concepts of this research area.

Furthermore, the second part of the literature review describes how gender is
incorporated in studies that investigate accessibility levels. Most studies consider the
person-based perspective. This research considers that including person-based and
location-based analysis enriches the accessibility measure and enables the comparison
between both views. Consequently, it is easier to understand the impact of including
personal characteristics in accessibility analysis.

In addition, this literature review highlights the significant impact of safety on
women's accessibility levels. However, measuring safety is challenging due to its
subjective nature, varying according to individuals' perceptions. Consequently, this
research argues that integrating perception into the person-based perspective is crucial
for exploring the correlation between gender and accessibility. By doing so, a more
comprehensive understanding of the relationship between these factors can be achieved.

Figure 2.1 describes each literature review part, and how they are connected. The
first part of the literature review focuses on understanding the main perspectives
considered when calculating accessibility. The second part investigates the correlation
between gender and accessibility. Both literature review parts may overlap when
accessibility measures focus on gender.
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Some studies consider person-based and location-based perspectives on accessibility
measures, however, they do not primarily focus on gender (Geurs & Van Wee, 2004;
Paez et al., 2012; Ryan & Pereira, 2021; Tiznado-Aitken et al., 2020). Other studies
focus primarily on gender and accessibility, however including mainly the person-based
perspective and not the spatial one (Havet et al., 2021; Loukaitou-Sideris, 2020;
Porrazzo et al., 2022; Priya Uteng, 2021).

Two specific studies that prominently incorporate both person-based and spatial
perspectives while primarily focusing on the intersection of gender and accessibility
have been identified. (Gil Sola & Vilhelmson, 2022; Lo & Houston, 2018). Among
these two studies, only the research conducted by Gil Sola and Vilhelmson (2022)
includes a perception component, asking through surveys about people’s perception of
accessibility options.

Despite the similar research scope, this analysis identifies a knowledge gap in this
research scope. First, only this study included all the components mentioned above.
However, there are no studies that compare person-based and spatial perspectives. In
addition, this study does not investigate safety perception which is described as a
critical component of female accessibility. Finally, this study is focused on a specific
context and geographical scope, analyzing how men and women choose the nearest
alternatives, in Sweden. Further research is essential to explore these disparities,
encompassing diverse travel purposes and modes while taking into account individuals'
perceptions of their accessibility.
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Therefore, the significance of this research stems from its innovative
methodological blend, which not only facilitates a distinct comparison between the
location-based and person-based perspectives but also incorporates a crucial element of
(safety) perception. Furthermore, this study goes beyond the conventional by analyzing
a diverse array of transportation modes and points of interest. This comprehensive
approach emphasizes the unique importance of this research, as it reveals fresh insights
into the differences in accessibility levels when examining factors such as gender and
other individual characteristics.

2.5 Sub-Research Questions

Based on the knowledge gap, this research defines the sub-research questions that
support the investigation of the main research question, which means, how gender and
other personal characteristics impact accessibility levels.

For that, this study gathers two main types of data. One is spatial accessibility data,
which means the transport networks and the distribution of amenities in this study’s
geographical scope. Additionally, this research gathers and analyses perceived
accessibility data by survey distribution.

These two data types are chosen because spatial analysis excludes a person-based
perspective while surveys do not. Therefore, it enables comparing measurements and
the impact of including personal characteristics in accessibility levels. According to the
literature review, including a person-based perspective generates a significant variation
in accessibility levels. Thus, the first sub-research question of this study is:

1. How can perceived accessibility differ from spatial accessibility?

To answer the first sub-research question, this study investigates the number of
mismatches between spatial and perceived accessibility levels (Ryan & Pereira, 2021).
It incorporates accessibility self-perception from surveys, enables the analysis of
different transport modes, and is based on cumulative opportunity accessibility
measurement.

The second part of this research consists of further investigating the groups that
present more mismatches when comparing both accessibility perspectives. Thus, the
second sub-research question of this study is:

2. What urban groups present an accessibility perception that differs the most
from spatially calculated accessibility?

After analyzing the accessibility mismatches and identifying the most impacted
urban profiles, this research aims to identify the most relevant personal characteristics
that might influence the occurrence of mismatches. As the literature review described
the accessibility barriers among women, this part of the analysis focuses mainly on
mismatches among women. Thus, the third sub-research question of this analysis is:

3. What are the most influential personal characteristics that impact accessibility
perception of women?
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3. Research Approach

This chapter discusses the research approaches considered for this study and elucidates
the rationale behind their selection. It begins showing insight into the chosen Research
Approaches and the underlying motivations. Furthermore, it offers a general overview
of how each approach will be implemented. A comprehensive understanding of each
methodology and its procedural steps are later presented in Chapter 4: Methodology.

3.1Research approaches and their motivation

This study considers a Quantitative Research Approach. This approach is chosen
since is useful when working to confirm or test a hypothesis. Additionally, it is easier to
generalize (Sardana et al., 2023). This research hypothesizes that gender and other
personal characteristics highly impact accessibility levels. This analysis focuses on
understanding the relationship between Gender and Accessibility and evaluating how
the former relates to the other. However, this research analyses not only gender but
several other personal characteristics.

Quantitative research, in contrast to qualitative research, deals with data that can be
converted into numbers (Sheard, 2018). Thus, the quality of the data gathered, and the
decisions and interpretations about the numerical data considerably impact the results,
being a limitation of this approach in case of inappropriate decisions conducted by the
researcher.

In addition to the Quantitative Research Approach, this research considers a Case-
Study Research Approach. This approach is beneficial when there is a need to obtain an
in-depth appreciation of an issue, event, or phenomenon of interest in its natural, real-
life context (Crowe et al., 2011). It produces a multifaceted knowledge of a complicated
problem in its current situation, and it is helpful to explore events or phenomena in
everyday contexts, and it is widely applied in a range of fields, especially social
sciences (Crowe et al., 2011).

As mentioned previously, the nature of this research theme is a combination of
transport engineering, urban planning, and social science. Moreover, it investigates
accessibility levels in transport which is a complex subject regarding society's everyday
mobility. Thus, including a Case-Study approach suits this research scope and goals.

This study investigates the Rotterdam—The Hague metropolitan area in The
Netherlands. This area is chosen considering its diversity. Despite being less evident,
the differences in mobility patterns according to gender are described in developing and
developed countries (Havet et al., 2021).

Rotterdam, which is the second-largest city in The Netherlands, by the number of
inhabitants (Statista, 2022), is diverse in many aspects. It has been historically shaped
by migration (Schiller et al., 2023), and it became one of the leading continental port
cities at the end of the nineteenth century (van de Laar & van der Schoor, 2019).
Consequently, it attracted many low-skilled labor immigrants (Entzinger & Engbersen,
2014). Despite the current attraction of high-skilled immigrants, the predominant
population is still low-skilled, and the city presents' a higher share of the immigrant
population in the country. Its diversity can be compared to big capitals such as
Amsterdam and New York (Entzinger & Engbersen, 2014). Another relevant
characteristic for this analysis is that Rotterdam has historically evolved with a car-
based 'mobility regime' (Loorbach et al., 2021). Therefore, the diversity of Rotterdam's
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population and transport mode preferences can contribute to diverse accessibility
perceptions.

In addition, The Hague is a fast-growing city and the third largest city in the
Netherlands after Amsterdam and Rotterdam. More than half of the city’s residents have
an immigrant background, and the population composition is very different depending
on the neighborhood (Gemeente Den Haag, 2023). Together with other 20
municipalities, it forms the Rotterdam-The Hague metropolitan area with a population
of 2,4 million inhabitants across 1200 square kilometers (Gemeente Den Haag, 2023).

3.2 Application of Quantitative and Case Study Approaches

To address all the sub-research questions outlined in section 2.5, this research
combines quantitative and case study approaches. It means that it uses quantitative
methods such as surveys and statistical analyses (Sardana et al., 2023). In addition, the
case study approach allows for an in-depth exploration of the specific context under
investigation, for instance, the transport network availability and amenities distribution
of the chosen area.

Initially, this research explores the differences between perceived accessibility and
spatial accessibility. To achieve this, the study employs both a perceived accessibility
investigation through surveys and a spatial accessibility analysis, which involves
mapping points of interest within the geographical area under study.

The spatial analysis calculates the Cumulative Opportunity Measure, taking into
account various transport modes and their respective transport networks. In the case of
Public Transport, the time of the day is also taken into account in this calculation.
Additionally, travel time thresholds are established for each transport mode. By
conducting both accessibility analyses, the results are compared, and any disparities or
mismatches between perceived and spatial accessibility are identified.

Moreover, the study delves into the investigation of mismatches concerning gender,
family composition, transport modes, and activity types. This examination aims to
understand the factors contributing to these mismatches and gain insights into how
different demographic and behavioral aspects impact accessibility perceptions and
spatial reality.

Next, the presence of mismatches is examined based on urban groups, aiming to
identify the groups most vulnerable to experiencing a mismatch. To accomplish this,
Cluster Analysis is employed, an unsupervised machine learning algorithm known for
identifying clusters and patterns in unlabeled data (P. Zhang et al., 2022). The primary
objective of Cluster Analysis is to determine the most natural grouping within a given
dataset, which proves especially valuable in identifying clusters associated with urban
vulnerability, based on the specific research context (Garcia-Dias et al., 2020; P. Zhang
et al., 2022). Thus, after identifying the urban group's formation, the presence of
mismatches in each group is investigated.

Furthermore, this research analyses the influential personal characteristics that impact
the occurrence of mismatches. For this purpose, Logistic Regression is utilized, a
statistical technique used to model the probability of a discrete outcome based on input
variables (Edgar & Manz, 2017). In this analysis, Binary Logistic Regression is chosen,
as it is particularly well-suited for analyzing and classifying binary variables (Maalouf,
2011). The mismatches are the dependent variable while the independent variables are
the demographic data collected in the surveys, such as age, income, household size, and
others. This step aims to gain insights into how individual attributes influence the
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likelihood of encountering mismatches, providing valuable understanding of the factors
at play in the accessibility perceptions and spatial realities of participants.
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4. Methodology

This chapter describes the methodology considered for this research. As described
in Chapter 3, this project applies a combination of methods to answer the proposed sub-
research questions and retrieve results for the main research question. Figure 4.1
presents the Research Framework and its main components which are classified as data
sources, data gathering, accessibility calculation, and accessibility analysis.

The literature review serves as a primary data source, providing essential material
for crafting the surveys used to collect data on self-reported accessibility. Additionally,
OpenStreetMap plays a crucial role as another data source, facilitating the gathering of
transport networks and points of interest within the defined geographical scope.

With the data gathered, this research calculates both perceived accessibility and
spatial accessibility. By comparing these two sets of data, the analysis focuses on
identifying mismatches, vulnerable urban profiles, and the key personal characteristics
that influence these disparities. This analytical approach facilitates a thorough
exploration of the sub-research inquiries, thereby effectively addressing the overarching
research question.

Significantly, while not the primary focus, the calculation of perceived accessibility
levels also contributes to comprehending and partially addressing the third sub-research
question of this study. This particular inquiry delves into the identification of personal
characteristics wielding a significant impact on accessibility levels.

Quantitative and Case-Study Approaches

l Literature Review OpenStreetiMap
. ) L I )
¢ Y A4
Self-report
accessibility data Transport Network Points of Interest
(Surveys)
[ |
+ Legend
Perceived Spatial Accessibility .| Data Sources
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¢ Accessibility Calculation
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5Q1
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Figure 4.1: Research Framework
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The Research Framework employed in this study encompasses the four core
components for measuring accessibility, described by Van Wee and Geurs (2004): land
use, transport, individual and temporal. The land-use component is incorporated when
the amenities distribution is mapped. The transport component is investigated when
analyzing the available transport networks in the geographical scope. The individual
component is included by incorporating people's perceptions of their accessibility. The
temporal aspect is included by investigating public transport availability at specific
times of the day. Furthermore, this research defines reasonable travel times as
thresholds and analyzes the value of time in choosing a particular transport mode
through surveys.

By fully applying Van Wee and Geurs' (2004) framework, which advocates for
considering all these components ideally, this study addresses the limitations often
encountered in practice, where only a few components are typically included. In
focusing on gender and accessibility investigation and applying all these components
comprehensively, this research seeks to make a significant scientific contribution to this
field of study.

Based on this research framework, the following sections outline the methodologies
utilized for calculating Spatial Accessibility, Perceived Accessibility, Accessibility
Mismatches Identification, Urban Profiles Identification, and Person-Based Features
Identification sequentially.

4.1 Spatial Accessibility Calculation

This research step aims to categorize spatial accessibility levels based on the number of
reachable points of interest by a transport mode considering a threshold. In other words,
this section describes the procedure for calculating Cumulative opportunity-based
measurement and defining accessibility categories. Despite the limitations of this
measure, it is proven to give relevant results, and it is vastly used in studies (Ryan &
Pereira, 2021). This methodology consists of realizing the Scope definition, Hexagon
Grid Application, Threshold Definition, Cumulative Opportunity Measure Calculation,
and Accessibility levels Calculation.

4.1.1 Scope Definition

The initial step in calculating spatial accessibility levels involves defining the scope of
the analysis, which includes determining the types of points of interest and the
geographical area under consideration.

Points of Interest (POIls)

Points of Interest (POIs) can be described into different categories of accessibility:
Mobility, Active Living, Entertainment, Food Choices, Community Space, Education,
and Health and Well-being (Nicoletti et al., 2022). This study focuses on three types:
Food Choices, represented by grocery stores; Education, represented by primary schools
or child care and Entertainment, represented by cinemas, nightclubs, bars, pubs, and
restaurants. Despite restaurants being part of the Food Choices category, this analysis
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considers them as points of interest for leisure purposes, as they serve not only as places
to satisfy food preferences but also as venues for socializing and enjoying dining
experiences. This broader perspective acknowledges the role of restaurants in enhancing
individuals' overall leisure and entertainment activities, making them relevant points of
interest for this study.

Although these are not explicitly gendered activities, the literature review shows
that men and women may shoulder or perceive them differently (Havet et al., 2021; Lo
& Houston, 2018). As women shoulder more household and childcare activities, the
grocery stores and primary schools / child care are considered. The latter is destinated to
participants with children, and the main goal is to investigate the different mobility
capabilities to realize these tasks. Finally, this study investigates the mobility capability
of traveling to leisure activities at night. This type of point of interest is included since it
is a common reason to travel at night, and the time of the day generally impacts the
perception of safety, mainly among women (Priya Uteng, 2021; Tiznado-Aitken et al.,
2020).

This research uses a combination of Open Street Map (OSM) and the python library
osmnx to retrieve the desired Points of Interest. This study uses Python because it is a
popular data-driven tool for data and quantitative analysis (Southall, 2021). In addition,
OSM offers a free tagging mechanism that includes several number of characteristics
describing each landmark (OpenStreetMap Wiki, n.d.). Specifically, this phase uses the
osmnx.geometries module. Among several functionalities, it retrieves points of interest
from OSM, including their geometries and attribute data, and construct a
GeoDataFrame of them (Boeing, 2017). The function used in this research requires a
point of origin to retrieve the points of interest, the Euclidian distance from the origin
point, and a tag dictionary specifying the point of interest type.

For the most frequently used tags, the community has established particular key and
value combinations that serve as unofficial standards (OpenStreetMap Wiki, n.d.). It has
two levels of identification: primary features such as amenities, boundaries, airways,
and others, and a sub-level with tags for each primary component. According to OSM
tags, this study considers the respective tags for each POI group:

= Grocery stores: ‘shop’ primary group — ‘supermarket’ and ‘greengrocer’ tags

= Schools and daycare facilities: ‘amenity’ primary group — ‘school,” ‘childcare,’

‘kindergarten.’
= Entertainment POIs: ‘amenity’ primary group — ‘nightclub,’ ‘restaurant,” “pub,’
‘cinema,’ and ‘theater.’

Despite the efforts to map all points of interest proposed, this approach has a few
limitations. Firstly, OSM provides three tags that might represent grocery stores:
supermarket; greengrocer, which means a shop focused on selling vegetables and fruits;
and convenience, a small local shop carrying a small subset of the items found in a
supermarket (OpenStreetMap Wiki, n.d.). The three tags are closely related to grocery
stores.

However, a manual check shows that several places named convenience stores are
similar to night stores, which sell mainly beverages and snacks. However, the latter
category is deliberately omitted from this study for a specific reason. If this research
considers fewer amenities than are actually present in a given space, it could lead to
instances of false underestimation mismatches. In these situations, users might perceive
good accessibility while the spatial analysis suggests limited amenity options. This case
is not considered problematic as underestimation mismatches are not the core of this
research.
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Conversely, if the spatial analysis indicates more amenities than participants
actually perceive, it can result in a overestimation mismatch. This occurs when users
don't perceive an activity as accessible despite there being numerous amenity options
available. As convenience stores typically aren't suitable options for grocery shopping,
this research deliberately excludes this category to prevent false overestimation
mismatches. The aim here is to ensure the accuracy of the analysis by focusing on
relevant amenity types. However, this study recommends further work to analyse the
impact of including different amenity tags such as the ‘convenience stores’ in the
results.

The school tags definition faces a similar issue. This research aims to map primary
schools and day-care facilities, where adults mostly take children. The tags ‘childcare’
and ‘kindergarten’ match the points of interest described in the questionnaire; however,
the tag ‘school’ includes primary, secondary, and high schools. Considering that
excluding this tag would also drop all primary schools, the analysis maintains it.
However, it is fundamental to be aware of the limitations of this investigation.

The tags related to entertainment activities described in the questionnaire are
suitable for this research and did not present any related issues.

Geographical Scope

This research centers around the Rotterdam-The Hague metropolitan area,
specifically focusing on six municipalities within the MRDH area: Rotterdam, The
Hague (‘s-Gravenhage), Delft, Leidschendam-Voorburg, Schiedam, and Rijswijk. The
data collected for this study is primarily from these six municipalities. As a result, the
spatial analysis is also limited to these areas.

The decision to restrict the spatial analysis to these municipalities is based on two
key reasons. Firstly, this approach ensures consistency and enables meaningful
comparisons between the perceived and spatial analyses. Secondly, expanding the
analysis to include additional municipalities would not yield significant additional
insights for this research. It would demand more computational resources without
effectively serving the research objectives. The current spatial analysis lacks the
inclusion of individual perspectives or person-based data, hence it cannot provide
relevant insights to the research goal individually. Since the spatial analysis will be later
compared to the perceived analysis, focusing on the surveyed municipalities is a
sensible choice, aligning well with the research's main objectives while taking resource
constraints into account.

Nonetheless, comparing equally the number of opportunities and transport modes of
Rotterdam, the second largest city of the Netherlands, with smaller cities such as
Leidschendam-Voorburg may generate inaccurate results. Hence, this research
investigates Cumulative Opportunities Accessibility Measurement within each city
context.

This research uses a combination of Python and the shape file of The Netherlands
(EEA, n.d.) at the municipality level (gemeente in Dutch) and district level (wijk in
Dutch) to visualize the geographical scope. First, it filters the five cities mentioned
based on their name. Second, this research filters the metropolitan area of Rotterdam,
since part of Rotterdam consists of the port or industrial area with few or no residents.
Surrounding districts that are residential areas, however, present a considerable
distinction from the Rotterdam metropolis were not considered because the comparison
may lead to inaccurate results. In brief, the districts considered in Rotterdam are
Overschie, Prins Alexander, Noord, Hillegersberg Schiebroek, Kralingen-Crooswijk,

29



Delftshaven, Centrum, Feijenoord, IJsselmonde, Charlois, and Waalhaven. Finally, the
areas analyzed in this study are presented in Figure 4.2

's-Gravenhage

Delft
Leidschendam-Voorburg
Rijswijk

Rotterdam

Schiedam

Voorburg

‘s-Gravenhage

Rijswijk

5 km

Figure 4.2: Geographical Scope

4.1.2 Modifiable Areal Unit Problem (MAUP) and Hexgrid Application

The goal of this spatial accessibility analysis is to conduct a systematic investigation
of the geographical scope. To achieve this, the study divides the area and aggregates
data spatially, grouping information into larger areal units instead of examining each
individual residential point within the geographical scope. However, it is crucial to be
aware that this process of aggregating data into larger units may lead to a phenomenon
known as the modifiable areal unit problem (MAUP) (Buzzelli, 2020)

There are two related issues to the MAUP. The ‘scale effect’ concerns the large
number of ways of aggregating a set and the influence it causes on the value of statistics
derived from spatially aggregated data (Thrift & Kitchin, 2009). In other words, the
interpretation of an area and its variables differs according to the scale considered. The
second issue is called the ‘zoning effect,” which considers that the way the geographic
boundaries are imposed in grouping the population could introduce bias in the results
(Keeler & Emch, 2017). In brief, “Modifiable areal units” of analysis can produce
differing analytical results (Thrift & Kitchin, 2009).
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Despite the research progress regarding MAUP, a general solution for these issues is
still uncovered. The primary action is to be aware of the issue and its impact (Barnes &
Forde, 2021). Using the original point data rather than the aggregated ones is one
technique to deal with MAUP, although this is typically not possible for privacy-related
legal reasons (Su et al., 2011). Additionally, reducing the area units may not totally
solve the MAUP but may lessen the likelihood of spatial pattern distortion issues (Su et
al., 2011).

Considering the MAUP issues, this research applies a grid, specifically a hexagon
grid, to spatially aggregate data. A grid is a pattern of geometrical forms generated
using a straightforward mathematical function or formula to divide a surface or
territory. A space can be divided into grids to aid with knowledge of the area and
placement of things (Apte et al., 2013). There are different grid shapes, such as squares,
triangles, and hexagons.

Apte et al. (2013) have proven that hexagon grids are more efficient and accurate
than the other grid options. Because hexagons are closest to a polygon with a circular
shape that may tessellate to create an equally spaced grid, they lessen sampling bias
caused by the edge effects of the grid shape (ArcGIS Pro, n.d.). In addition, it is a
common approach used in studies regarding spatial accessibility (Nicoletti et al., 2022;
Ryan & Pereira, 2021). Thus, compared to other grid formats, the hexagon grid option
reduces the bias caused by the zoning issue.

The fundamental tool for hexagon grid conversion in this research is the library
h3py, a Python library of Uber's H3 Hexagonal Hierarchical Geospatial Indexing
System in Python. This library is based on H3, a geospatial indexing system that
partitions the world into hexagonal cells (H3GEO, n.d.). The H3 specifies a resolution
parameter, which defines the size of the hexagons. Table 4.1 describes the average
hexagon areas according to each resolution. In addition, the average hexagon length is
calculated by the author.

Hexagons with larger areas may hinder different accessibility levels among
locations if summarized in one calculation. Moreover, as described previously, smaller
areas may reduce spatial bias and mitigate MAUP. On the other hand, smaller sizes
might generate several hexagons with the exact accessibility level if the number of
amenities does not change within a few meters. This last case may cause an unnecessary
computational expensive process.

Table 4.1: Hexagons Resolution of H3 Library

Resolution Average Hexagon Area (km2) Average Hexagon Length (km)

0 4357449.416 1295.061026
1 609788.4418 484.4663876
2 86801.7804 182.7840826
3 12393.43466 69.06688948
4 1770.347654 26.10377616
5 252.9038582 9.866242466
6 36.12906216 3.729086015
7 5.16129336 1.409461862
8 0.737327598 0.532726501
9 0.105332513 0.20135169
10 0.015047502 0.076103786

Note: Adapted from (Tables of Cell Statistics Across Resolutions | H3, n.d.)

31



Based on the process of counting POIs among an area, this research considers that
resolution eight (average hexagon length of 533 meters) is the most suitable since
resolution seven might hinder accessibility levels, and resolution nine might
overcalculate them. Resolution eight in this research context generates hexagons with a
length of 557 meters. It means the distance between two hexagon centroids is around 1
kilometer, a reasonable distance between each point.

After transforming the geographical scope into one hexagonal grid, this research
identifies the location of each hexagon centroid in each municipality region (Gemeente
polygons). Figure 4.3 presents the study area divided into hexagons, identified by
municipality.

's-Gravenhage
Delft
Leidschendam-Voorburg

Rijswijk
Rotterdam
Schiedam

Leidschendam-
Voorburg
‘s-Gravenhage

Rijswijk
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Figure 4.3: Hexagon Grid of Geographical Scope

4.1.3 Cumulative Opportunities Metric Calculation

The calculation of cumulative opportunities for all transport modes follows the same
steps, which are described in the subsequent subsections.
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Mapping POls from a geographical location

As described previously in section 4.1.1, the process of mapping POIls uses the
osmnx library, specifically the osmnx.geometries.geometries_from_point method. This
module requires an origin point, the tags of the desired geometries, and a distance that
will be considered from the origin point (Boeing, 2017). The distance is measured in
meters and represents the Euclidean distance from the origin point. However, it is
important to note that a Euclidean distance of 3km, for instance, may not accurately
represent the actual walking distance required to access the same amenity. This initial
phase does not consider the transport network, but the subsequent steps calculate the
transport network and adjust the reachable POIs accordingly.

Calculate the travel time from the origin to each POl mapped in the previous phase.

This phase relies on r5py, a Python library for rapid realistic routing on multimodal
transport networks such as walking, bicycle, car, and public transport (R5py, 2022).
This library is used since it is free and allows users to calculate travel time matrices
quickly (R5py, 2022). It requires two main files for calculation, a network dataset from
OpenStreetMap (OSM) in Protocolbuffer Binary (.pbf) format and a transit schedule
dataset in General Transit Feed Specification (GTFS.zip) format, in case of public
transport calculations. From here, this research uses the files:
= GTFS data: gifs-nl.zip from OV Api
= OpenStreetMap data in PBF-format: Netherlands-latest.osm.pbf (Geofabrik GmbH,

2018)

These two files generate the transport networks that calculate the travel time
between two points. The library r5py uses the module TravelTimeMatrixComputer
which requires a transport network, origin point(s), and destination point(s). This step
considers the origin point as the hexagon centroid(s) and the destination as the POIs
calculated in the first step.

In addition, this r5py module enables the definition of one or a combination of
transport modes. The transport modes, car, bicycle, and walk, were defined individually.
The public transport travel times were calculated as a combination of public transport
and walking.

This combination is selected since this research investigates the accessibility level of
participants from their houses. Generally, the access to public transport is combined
with walking mode until public transport stops. Other combinations such as cycling or
car and public transportation are possible however considered out of the scope of this
research.

R5py library also enables the definition of a date and time of departure. Henceforth,
this research defines the departure time and day of the week according to the POI type.
For instance, in the case of entertainment activities, this phase considers Saturday at 9
pm since it investigates transport mobility at night. On the other hand, when calculating
the travel time to schools/daycare, this research considers the departure day as a
weekday at 7:40 am, according to the schools’ schedule in The Netherlands (van
Mameren, 2023). Ultimately, there isn't a universally fixed time for visiting grocery
stores. However, it's generally assumed that a considerable number of people tend to go
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after their work commitments. Given the usual work schedule, this would typically be
during the evenings on weekdays or over the course of the weekend. As a result, this
research has chosen a somewhat arbitrary but convenient time frame: a weekday at 6
pm. Table 4.2 summarizes the time departure definition for each activity type.

Table 4.2: Departure Date and Time definition per Activity Type

Activity Type Departure Date and time
Entertainment Activities Saturday, 10/06/2023 at 21:00
Schools / Day care Wednesday, 08/06/2023 at 7:30
Grocery Stores Wednesday, 08/06/2023 at 18:00

Filter distances within the threshold and count the number of reachable POls

For each distance calculated in the previous step, this phase checks if it is within the
threshold. If it is the case, it counts as a reachable POI. This phase sums the number of
reachable POlIs for each hexagon grid, per transport mode, per amenity type. The
algorithm that represents the complete process is presented in Appendix A.1. The
definition of threshold are explained in the following section.

4.1.4 Threshold Definition

As presented in Chapter 2, the cumulative opportunities calculation includes a cost
factor. This cost is based on a threshold. The thresholds can be calculated in a normative
or positive way (Paez et al., 2012). Normative implementation of accessibility requires
only a standard deal or a reasonable supposition of cost, whereas a positive threshold
includes person-based behavior. One of this research goals is to compare spatial
analysis with person-based analysis. Therefore, normative thresholds are considered for
this spatial analysis.

This cumulative opportunities calculation relies on the python library r5py, which
calculates travel times between two points by different transport modes (R5py, 2022).
For this reason, this phase defines travel duration as the threshold metric. To define an
appropriate threshold for each case, this research investigates thresholds based on the
average travel time in The Netherlands per transport mode per activity. However, most
sources found during this research describe average travel data in kilometers. Thus, this
step calculates the average travel time by dividing the travel distance by the average
speed of each transport mode.

In situations where specific information about a particular travel purpose is
unavailable, general data on average travel behavior per transport mode in the
Netherlands is considered. It should be noted that average travel durations may vary
across cities. However, this study assumes that the average travel duration in the
Netherlands provides a reasonable estimate for comparing spatial and perceived
accessibilities. A sensitivity analysis is recommended as future work, considered
beyond the scope of this study.

Accordingly, for the walking mode, it considers a general average walking speed of
4.5 km/h and distance of 1.5km in The Netherlands?, as presented in Table 4.2.
Analogously, the average cycling speed of 12.4 km/h is considered for the cycling
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mode2. The average travel distance by car and public transport for each activity type is
presented in a national study (CBS, 2022).

The average speed of a car is influenced by the type of road?. In this research, it is
assumed that trips to grocery stores primarily occur on urban roads, and therefore, the
travel time calculation only considers the speed associated with these road types. On the
other hand, trips to educational or leisure destinations may involve both urban and
motorway road types. As specific information about the average car speed for leisure or
education purposes was not found, the average speed is considered to be the speed limit
within built-up areas in the Netherlands.

To calculate the travel time for public transport, it is important to consider the
different average speeds of various modes such as tram, bus, metro, and train. In this
research, the average speed of the tram is used as it is generally the slowest mode within
the geographical scope (RET, n.d.). This approach is selected deliberately to estimate
the longest travel time threshold. Therefore, this threshold encompasses travel by bus,
metro, and train, ensuring a comprehensive analysis of public transport travel durations.
Table 4.3 presents the average distance, speed, and calculated duration for each
transport mode and activity type.

Table 4.3: Thresholds per each POI type and transport mode

Transport Grocery Stores Education Purposes Leisure Purposes

Mode Average Distance Time Average Distance Time Average Distance Time
Speed (km) (min) Speed (km) (min) Speed (km) (min)
(km/h) (km/h) (km/h)

Walking  4.5¢ 1.5¢ 199 4.5¢ 1.5¢ 199 4.5 1.5¢ 199

Cycling  12.4° 2b 109 12.4> 3.29° 169 12.4° 3.29v 169

Car 264 7¢ 179 50¢ 27¢ 33¢  50° 22¢ 279

Public 18f 7¢ 239 18f 10¢ 35 18 9e 309

Transport

(Tram)

Average Travel values in The Netherlands retrieved from: ¢ (de Haas & Hamersma, 2019);
b(Waterstaat, 2017); <(CBS, 2022); ¢(Ligterink, 2016); <(OlegS, n.d.); {(RET, n.d.); ¢ Calculated
by the author

4.1.5 Accessibility Levels Calculation

After computing the number of POls in each hexagon cell, the next step involves
determining the accessibility level for each hexagon based on predefined categories. It
is important to emphasize that this research acknowledges the contextual variation in
accessibility scales. For example, an area deemed highly accessible in Leidschendam-
Voorburg may have a lower number of POls compared to a highly accessible location in
Rotterdam. Consequently, the accessibility levels are defined separately for each
municipality. The study examines twelve different scenarios, encompassing three types
of POls and four transport modes. Prior to selecting the most appropriate technique for
dataset division, this phase examines the distribution of amenities within each
municipality's twelve scenarios.

Figure 4.4 illustrates the distribution of amenities in The Hague. Each graph in this
figure represents the number of reachable amenities, which means the number of
amenities accessible based on a specific transport type threshold. The x-axis represents
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this value, while the y-axis shows the frequency of hexagons with each corresponding
number of amenities. The distribution of amenities in other cities can be found in

Appendix A.2.
Amenities distribution in The Hague
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Figure 4.4: Amenities’ distribution in The Hague

In Figure 4.4, it is evident that the driving transport mode's distribution for The
Hague closely resembles a normal distribution. In contrast, the distributions for walking
and cycling options are shifted to the left, indicating that most regions (hexagons) have
a relatively low number of amenities accessible by walking or cycling. It is also
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identified that the data presents outliers of reachable entertainment amenities by
walking. It might represent a higher concentration of amenities in city centers.

In addition, this investigation identifies outliers related to shallow values. If the
centroid of the hexagon is located in a non-urban area such as a river or a park, it
reduces the number of reachable amenities. The r5py algorithm, in some cases, cannot
identify a transport network to connect this point.

This phase utilizes three potential techniques to classify the dataset into four
accessibility levels. One approach involves using the mean and standard deviation,
which measures the extent to which the data is spread around the average (Wilcox,
2012). In this scenario, the first breakpoint for categorization is obtained by subtracting
the standard deviation from the mean, the second breakpoint is set at the mean itself,
and the third breakpoint is determined by adding the standard deviation to the mean.
However, since the mean and standard deviation are highly influenced by outliers, they
are not appropriate metrics for this case (Berman, 2016).

Another possible alternative is the division of data based on quartiles. It is a
common approach to analyzing measurements of a continuous variable and group
subjects into several groups. To create four equal groups, breakpoints are also required
to split the data such that 25% of the observations are in each group. The cut-off points
are called quartiles, and there are three of them (the middle one also being called the
median) (Altman & Bland, 1994). However, this approach is not recommended when
the dataset is not generally distributed because it can separate locations with very
similar rates and group places with very different rates (Axis Maps, n.d.)

Based on that, this research considers using natural breaks or Fisher Jenks to
classify the data. This approach is a standard method for dividing a dataset into a certain
number of homogenous classes. The algorithm is commonly used in geographic
information systems (GIS) applications (North, 2009). It is an optimal classification
scheme that finds class breaks that will minimize within-class variance and maximize
between-class differences (Axis Maps, n.d.).

When applying this method, it is noticed that it can be sensitive to outliers. To avoid
a significant influence of break definitions based on outlier values, this research realizes
the process of Winsorization, which refers to setting severe outliers to a given percentile
of the data. In the case of a 90% Winsorization, all observations that fall below the 5%
percentile are equal to the value at the 5th percentile, and all observations that fall above
the 95" are equal to the value at the 95" percentile. Data is Winsorized when extreme
importance in a dataset is converted to less extreme ones (Zach, 2021).

As described previously, outliers were identified in significantly lower and higher
amounts of amenities. Hence, this research applies a 90% Winsorization process in the
data. After this procedure, this step applies the natural break algorithm to the
transformed data. This phase aims to identify four different categories. Therefore, the
natural break algorithm identifies four breaks. Figure 4.5 represents the distribution of
amenities in The Hague and the breaks identified by the algorithm. This procedure is
done for each one of the twelve cases for each municipality studied. The breakpoint for
each activity type, per transport mode, for each city is described in Appendix A.3.

37



=) o g =)
EF ] = B B
= 3 2 g
= 12
Bl ] 23 I _ B g
5 = 5 = =l e e
5] o @ 12
E
g ., E g
m m m |||||||||||||||||||||||||||| M m m =
B g B 5 =
=7 2 =] =]
8 7] 7] -
@ W ] g = B
L A E]
v EI B - -
S-S T T T T S S s
=~ B g B
| = o
ol ; 2 2 _
= & 7 2 B B 2 = g ®m =84 85 2 = ° ° 4 & ks = ” =
= Kouanbary Aouanbaiy Aottanbary
£ -
[ e L e L e S PR 5 R [ N T
=) =4
g5 k| -1 -
o = g L s
PN I — 8 R -mmm e g g =
Y] = ] =] b=
R @ i . | =
@3 =) o 3
S 2 3 e 3 h
== m R TS le®@ O __ 2
L= T2 R - @ S > @ \M
) ) 5}
e < e
=8 S E &
=4 | T e s 5 A
= O e - N O Y- R
p— [F] 5]
- =
[ ~ ~ =
2 - g
- T T r= T T T T T T T T
E ® & a5 8 = = © = & % & =& = = $ &8 85 8 = 2 7 =
- Kouanbary Aouanbaiy Aottanbary
=
’s |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
= L
2 @ = 2 L
.= =]
v} = B
=3 5 &
TS - 5% s e
m - v = v -
& g X
A 0 = | ittt b
g -2 8 z 3 B
 ——— ] | RE g
= b 2
=) | =) O b m e
= “ < = <
IR 2= ] I 3 L
g 5 5
|51
e e4 =
=} o ]
EA] = & & el = S = v R 4 85 =2 =z v = 2 z F = & =2 =
Kouanbaig Aouanbaig Kouanbaig

Value Value

Reachable schools by PT

Value

Reachable entertainment by PT

Reachable groceries by PT

<
........................... =
.mm
........................... 5
-
=
&
b=
————————————
g ® 8 4 /5 =2 = v =
Aouanbaig
| =
||||||||||||||||||||||||||| g
........................... _
=
........................... ©
g =
]
-
............................ 2
=
—
F @4 R 58 85 =2 =2 7 <
Aouanbaig
2
F=
o
G
........................... b
ra
=
E A EFE -
Kouanbaig

Figure 4.5: Amenities’ distribution and BreakPoints in The Hague

Limited Accessibility: This category represents areas with significant

Therefore, four main accessibility categories are defined and labeled:

limitations in terms of access to Points of Interest. It represents the area with

the amount of POI(s) below the first breakpoint identified in the city.
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= Moderate Accessibility: This category represents areas with a few limitations
in terms of access to Points of Interest. It represents the area with the amount
of POI(s) between the first and second breakpoints of the city.

= Good Accessibility: This category represents areas with moderate to good
access to Points of Interest. It represents the area with the amount of POI(s)
between the second and third breakpoints of the city.

= Very Good accessibility: This category represents areas with good to
excellent access to Points of Interest. It represents the area with an amount of
POI(s) higher than the third breakpoint of the city.

One drawback of the natural breaks approach is each dataset generates a unique
classification solution. Thus, it is less interpretable in the case of comparison across
maps (Axis Maps, n.d.). Therefore, it is critical reminding that each city presents the
four accessibility levels according to its context. Because this research aims to compare
spatial and perceived data instead of analyzing the accessibility levels among spatial
analysis, this research considers that is not a critical drawback for using this
categorization methodology.

4.2 Perceived Accessibility Calculation

Additionally to spatial accessibility data, this research calculates perceived
accessibility levels. It applies a survey to gather and analyze perceived data regarding
accessibility. This research considers empirical data gathering, such as surveys, due to
the highest potential to obtain each individual's perception (The Doctoral Journey,
2014). This phase methodology can be summarized into the survey design and survey
implementation steps.

4.2.1 Survey Design

The questionnaire was realized in collaboration with fellow Master's student Iris
Roeleven, who has a similar master's thesis theme and the same graduation committee.
However, this chapter focuses mainly on the questions and design process related to this
research.

The first step of designing the survey is defining the essential information that
should be included in the questionnaire. The survey aims to collect data about
individual aspects that might influence people’s accessibility perception. Thus, several
components were included in the questionnaire.

The individual characteristics that are included in the survey and have a strong
correlation with accessibility in transport are age, gender, household composition
(presence of a partner and number of children), income, and education level (Havet et
al., 2021), and culture (Loukaitou-Sideris, 2020). For the latter, this survey asks about
the country of origin. Moreover, considering that the individual and household income
might represent different financial conditions according to the household composition,
both cases are asked in this questionnaire. In addition, car access has been identified as
a critical component that impacts accessibility perception (Havet et al., 2021). Thus, the
questionnaire asks about driver's license possession (competence resources) and car
access (material resources).
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Also, the social context can impact accessibility perception (Ryan & Pereira, 2021).
For instance, the participants' travel behavior might change if they know someone that
could give them car rides. Thus this survey asks the participants about the presence of
social support related to transport (social resources). Furthermore, the literature review
considers safety as one of the main aspects that differ between mobility behavior of men
and women (Priya Uteng, 2021; Tiznado-Aitken et al., 2020). Hence, this survey
includes questions regarding safety perception for different transport modes at night,
which may potentialize the unsafety perception.

Additionally, Ryan et al. (2019) defend that people’s mobility capability facilitates
the capability to carry out activities. Therefore, mobility capability is highly related to
accessibility perception levels. Thus, this questionnaire includes questions about the
perceived capability of the participants to take each transport mode (car, cycling,
walking, or public transport) to reach specific key activities (shopping, education, and
leisure) in their daily lives. However, this research includes convenience aspects instead
of focusing mainly on capability. These questions are critical to compare the perceived
and spatial accessibility. From the spatial accessibility analysis, a participant can reach
the amenities type by a transport mode if a reasonable number of amenities are spatially
available within a threshold. On the other hand, from the perceived accessibility
analysis, the participant can reach the amenities type by a transport mode if they are not
perceived as inconvenient or not possible. The questionnaire requires the participants’
postal codes to compare both cases considering the same locations.

Differently from Ryan et al. (2019) research that categorizes mobility capability into
'possible’ and 'not possible," this study provides a higher amount of categories, assuming
that the level of ease to use a transport mode to reach an activity type is more complex
than a binary definition. Thus, participants must categorize their use of transport modes
according to four labels: convenient, neutral, inconvenient, and not possible. The
categories are described as follows:

= Convenient: | find this transport mode easy to use, and it fits well my personal
needs;

= Neutral: I find this transport mode acceptable to use;

= |Inconvenient: | have a significant restriction(s) to use this transport mode.

= Not possible: | cannot use this transport mode (ex: driving a car without access to a

vehicle).

Analogous to the Spatial Accessibility Investigation, this study investigates the
mobility capability for three main types of points of interest: grocery stores, primary
schools or child care, and places for leisure activities.

Finally, the survey includes questions about travel behavior to understand the
audience’s preferences. Thus, questions about the primary transport mode used for each
POI category are requested. In addition, this questionary asks the participants to rank in
order of importance the aspects they value the most when considering a transport mode.
This question is included because it may contribute to understanding the main elements
considered when classifying a transport mode as convenient, neutral, inconvenient, or
not possible.

The survey components, including the link between the perceived accessibility and
spatial accessibility analysis, are described in Figure 4.6.
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Figure 4.6: Perceived Accessibility Components and connection with Spatial Accessibility Data

Apart from the postal code, all questions are presented in a multiple-choice form.
This research relies either on surveys from topic-related studies or the feedback
provided by participants during a survey trial to phrase questions and options in the
most precise and suitable way possible.

In this survey, the individual characteristics options are presented in ranges. It not
only facilitates the data interpretation but also makes the personal characteristics
broader, preserving people's privacy and risks of identification. This survey has been
analyzed and approved by the Human Research Ethics Committee of TU Delft to
guarantee the ethical protection of the participants. The Ethics Application and Forms
are presented in Appendix B.1-4.
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Table 4.4 describes the components of the perceived data, the respective survey
question, and the options. This research includes two questions that depend on previous
answers. The question ‘What was approximately the net income of you and your partner
together in the last year?” only appears to participants that previously answered ‘Yes’ to
the question ‘Are you living together with a partner?’. In addition, the inquiries related
to school and daycare activities, ‘What is the main transport mode you use to go to
school, daycare, or a similar place on a daily basis?” and ‘Please categorize the use of
transport modes for going to school, day-care or similar establishments from your
house’ are only visible for participants that did not answer ‘No’ or “Yes, one child or
more older than 12 years old’ to the question ‘Do you have children?’. This research
assumes that parents take their children to school or daycare if they have children aged
from O to 12.
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Table 4.4: Description of the questionnaire’s components, questions, and options

Component of Perceived
Data Gathering

Survey Question

Options

Social resources

I I cannot travel somewhere
(important) myself, | think
someone in my network (e.g. a
friend, a family member)
would be available to help me.

Strongly Disagree
Disagree

Neither disagree nor agree
Agree

Strongly Agree

Material resources

To what extent do you have
access to a car?

I do not have access to a car

| can sometimes use a car

I sometimes can, and sometimes
cannot make use of a car

I can usually make use of a car

I can always make use of a/my car

Spatial resources

What is your postal code?

Open Question

Competence resources Do you have a driver's license  Yes
for a car? No
Safety resources How safe do you feel while Very Unsafe
travelling with the following Unsafe
transport modes during the Neither unsafe nor safe
night (after dark)? Safe
Very Safe
Individual characteristics ~ What gender do you identify Male
as? Female
Other
What is your age? Between 18 - 25
26-35
36-45
46-55
56-65
66-75
Older than 75
What is de highest education Level before middle school
level you have completed? Middle school

MBO (Secondary vocational
education)

HBO (higher professional
education) bachelor (WO
(research-oriented higher
education) bachelor HBO (higher
professional education) master WO
(research-oriented higher
education) master PHD
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What is your country of origin? The Netherlands Another European
country
Africa
North America
Central America
Caribbean
South America
Oceania
South Asia
Central Asia
South Eastern Asia
East Asia
Western Asia

Are you living together witha  Yes
partner? No

What was approximately your  Less than €22.000

net income in the last year? €22.000 - €43.500
€43.500 - €65.500
€65.500 - €87.500
€87.500 - €109.000
€109.000 - €131.000
More than €131.000
Prefer not to say

What was approximately the Less than €22.000
net income of you and your €22.000 - €43.500

partner together in the last €43.500 - €87.000

year? €87.000 - €131.000
€131.000 - €175.000
€175.000 - €218.000
More than €218.000
Prefer not to say

Do you have children? No
Yes, one child younger than 5 years
old
Yes, two or more children younger
than 5 years old
Yes, one child or more between 5
and 12 years old
Yes, one child or more older than

12 years old
Mobility Behaviour What is the main transport Car
mode you use to go to school,  Bus, Tram, Metro or Train
daycare, or a similar place ona  Cycling
daily basis? Walking
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Mobility Behaviour

What is the main transport

mode you use to grocery stores

Car

Bus, Tram or Metro

on a daily basis? Cycling
Walking
Mobility Behaviour What is the main transport Car

mode you use to go to leisure

Bus, Tram, Metro or Train

activities in the eveningorat ~ Cycling
night? It can be restaurants, Walking
bars, nightclubs, cinema or

similar places.

Mobility Capability Please categorize the use of Convenient
transport modes for going to Neutral
grocery stores from your Inconvenient
house. Not Possible

Mobility Capability Please categorize the use of Convenient
transport modes for going to Neutral
school, day-care or similar Inconvenient
establishments from your Not Possible
house.

Mobility Capability Please categorize the use of Convenient
transport modes for going to Neutral
entertainment activity at night ~ Inconvenient
from your house. Not Possible

Mobility critical aspects Please rank the aspects you Time
value when considering a Safety
transport mode convenient or Comfort
not. Here 1 means the most Money

important and 5 means least
important.

Sustainability

Moreover, two strategies are considered in the survey design phase to reach a higher
number of participants. One of them is a lottery offer of 40 euros for the participants
that complete the survey. In this case, participants were forwarded to a new page after
finishing the main survey. On this page, participants could fill out their emails if they
were willing to participate in the lottery. The independency between the primary survey
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and the email collection for the lottery is made so the survey answers are not connected
to individual emails. Thus, it ensures the participants’ data privacy and anonymity.

The second strategy is to provide the questionnaire in five different languages:
Dutch, English, Portuguese, French, and Turkish. The questionnaire’s authors consider
that the higher the number of languages, the higher the chances of a better experience
among participants. Based on the research team network, a significant fraction of the
participants are not from The Netherlands.

Dutch and English were mandatory languages for this questionnaire since the target
group is residents of the Netherlands. The international team involved in this project
translated the survey into Portuguese and French. An external collaborator realizes the
Turkish translation. Most foreign-born residents were born in Turkey (CBS, n.d.). In
Rotterdam, the largest minority groups originate from Surinam (8.7%) and Turkey
(7.8%) (COE, n.d.). Thus, it may facilitate the answer to the questionnaire for this
significant fraction of the population.

4.2.2 Survey Implementation

The questionnaire was developed and administered using the Qualtrics Platform, a
web-based survey tool that offers a range of internal tools and multiple online
distribution methods, such as anonymous links, personal links, and QR codes (Qualtrics,
2022). The survey was disseminated through various channels, including the authors'
and supervisors' social network posts and interconnected networks. The research team
actively shared the survey on platforms such as LinkedIn, Facebook, Whatsapp, and
Reddit. Additionally, printed flyers were distributed in key locations, including
Rotterdam, Delft, The Hague, and Leidschendam-Voorburg. The association, Vital
Cities and Citizens (VCC) from Erasmus University of Rotterdam, also provided
support by promoting the survey through their social media channels.

As it takes less time to recruit participants and requires fewer staff members,
internet-based research is becoming a more valuable tool for data collecting (Griffin et
al., 2022). On the other hand, it also became a weapon for anyone. In online surveys,
the term "bot" refers to a script or program designed to repeatedly fill out survey fields
with fictitious data and submit the survey, among many reasons, to get the promised
payment frequently. Despite this frequency, the presence of Bots in TU Delft research
questionnaires is still a new matter.

However, several suspicious activities explain the identification of bots' answers in
this survey. In the first two days of survey dissemination, there was an unusual amount
of replies (400 responses in a few hours), quick survey replies, several answers
computed at the same start time, and inconsistent answers such as postal code different
than Dutch format. Most postal codes from this time range presented a North American
format, whereas the target group was mainly residents in The Netherlands. Furthermore,
there were around 500 fewer participants in the primary survey than the number of
email addresses registered in the lottery form. Technically participants would only have
access to the lottery form after completing the primary survey, indicating that the lottery
might be a reason for the bott's answers. Thus, this project implemented several
strategies based on previous literature (Hallberg, 2022; Storozuk et al., 2020) to detect
the presence of bot answers. The strategies implemented are described in detail in
Appendix B.5.

After cleaning the bot's answer, this phase also considers other criteria to keep
relevant answers to this research. First, it maintains only participants that answered
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valid postal codes within the geographical scope. Postal codes from different regions,
empty postal codes, postal codes with the wrong format, or postal codes with the correct
format but that do not exist is the Netherlands were dropped from this research.
Consequently, the participants were not included in the analysis.

In addition, the mobility capability questions are the link between the perceived and
spatial accessibility comparison as presented early in Figure 4.6: Perceived Accessibility
Components and connection with Spatial Accessibility Data. Therefore, the analysis did not
consider participants who left empty answers to these questions.

4.3 Accessibility Mismatches Identification

This phase describes the methodology for investigating how accessibility calculated
by spatial-based perspective differs from person-based accessibility perception. Thus, it
compares the spatial accessibility results with perceived accessibility results.

This methodology compares the four spatial accessibility levels (limited
accessibility, moderate accessibility, good accessibility, and very good accessibility)
described in section 4.1.5 with the four perceived mobility capability categories (not
possible, inconvenient, neutral, and convenient) described in section 4.2.1. Hence, there
are sixteen possible combinations.

This research considers that if any of the two lower levels of spatial accessibility
(limited or moderate) combines if any of the two lower levels of perceived accessibility
(not possible or inconvenient), there are no mismatches. The same approach is
considered if any of the two higher levels of accessibility of each method combines.

In contrast, if the two lower levels of spatial accessibility combine with the two
higher levels of perceived accessibility, it is considered an underestimation mismatch. It
means that the analyst underestimates the participant's capability to reach an amenity
type by a transport mode. On the other hand, if the two higher levels of spatial
accessibility combine with the two lower levels of perceived accessibility, this research
defines it as an overestimation mismatch. It means that the spatial analysis
overestimates the resident's capability to reach amenities by transport mode. Table 4.5
describes these categories.

Table 4.5: Mismatch types

Spatial Accessibility level  Perceived Accessibility level Mismatch Type

Very Good or Good Convenient or Neutral No Mismatch

Very Good or Good Inconvenient or Not Possible  Overestimation Mismatch
Moderate or Limited Convenient or Neutral Underestimation Mismatch
Moderate or Limited Inconvenient or Not Possible  No Mismatch

This research investigates the Overestimation Mismatch type explicitly. It assumes
that overestimation mismatches may contribute to social inequities, as certain groups
may face heightened challenges in accessing amenities despite the seemingly favorable
spatial accessibility levels. On the other hand, Underestimation Mismatches may result
in an underutilization of potential opportunities. However, it does not indicate possible
barriers to accessing amenities.

Therefore, this research further investigates the overestimation mismatch and its
intrinsic levels. Within this mismatch type, there are four possible combinations. In the
case of Very Good accessibility level combined with Not Possible perceived
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accessibility, it is categorized as a Strong Mismatch since extreme values are combined.
In the case of a Very Good accessibility level combined with Inconvenient perceived
accessibility or Good accessibility level combined with Not possible perceived
accessibility, it is classified as a Moderate Mismatch. Finally, the combination of Good
Accessibility with the Inconvenient category is classified as a Slight Mismatch. Table
4.6 summarizes these Overestimation Mismatch types.

Table 4.6: Mismatch types within Overestimation Mismatch category

Spatial Accessibility level  Perceived Accessibility level Overestimation Mismatch

Type
Very Good Not Possible Strong Mismatch
Very Good Inconvenient Moderate Mismatch
Good Not Possible Moderate Mismatch
Good Inconvenient Slight Mismatch

In this phase, the aim is to establish a correspondence between the participant's
residential location and the corresponding hexagonal area. This enables the comparison
between spatial and perceived analyses. The postal code provided in the survey is
utilized to establish this link. The Geopy Python library is employed to extract latitude
and longitude coordinates from the postal code. Subsequently, the Shapely library is
used to generate a geographical point based on these coordinates. The same library
allows for the verification of whether the generated point falls within any of the
hexagons within the hexagonal grid. When a participant's point falls within a hexagon,
the accessibility classification obtained from the spatial analysis is attributed to that
participant. This process ensures that each participant is assigned the appropriate spatial
accessibility classification based on their residential location.

4.4 Urban Profiles Identification

This current section outlines the cluster analysis methodology employed to identify
urban groups and investigate their potential relationship with one or multiple
mismatches. This cluster analysis incorporates demographic data collected from the
surveys along with the mismatches identified through the Mismatch Identification
phase. By analyzing the key characteristics of each cluster, it becomes possible to assign
appropriate labels to the clusters, facilitating their interpretation and understanding.

All data in this research is categorical. Therefore, a categorical cluster analysis is
conducted. All cluster analysis types generally entail several fundamental activities—
first, feature selection, where the same number of features defines each observation.
Second, the analyst chooses similarity metrics, a mathematical function that describes
the similarity between observations in the dataset. The third step is the application of the
clustering algorithm, where the dataset is grouped based on similarities. Finally, the
results are analyzed in a cluster validation step, assessing the methods' performance and
the produced groups' accuracy (Garcia-Dias et al., 2020). This section describes the
cluster analysis methodology in the same steps, as presented in Figure 4.7. The final
step consists of evaluating the model's performance. If it falls short of satisfactory
results, it is recommended revisiting previous steps to improve it.
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Urban Profiles Identification Approach Diagram
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Figure 4.7: Methodology Diagram of Urban Profiles Identification

4.4.1 Feature selection

The initial stage of this analysis involves filtering the key variables to be
incorporated in the Clustering Analysis. Considering the investigation of urban profiles
and their relationship with mismatch events, this study incorporates demographic data
obtained from the survey, coupled with the mismatches identified in the Mismatches
Identification section. The analysis concentrates on the most significant mismatches
identified in the Mismatches Identification phase, specifically those that exhibit a higher
proportion of occurrences within the sample.

In this phase, the selected features are examined to identify and address any missing
data. Due to the complexity of replacing missing participants' perceptions within the
scope of this study, the decision is made to exclude these missing data points from the
analysis. This approach is taken to ensure the integrity and validity of the findings,
maintaining the reliability of the results obtained from the available data.

4.4.2 Similarity Metric Choice

This phase involves identifying the most suitable algorithm for this research to
identify clusters. The K-means is a popular algorithm in the literature for cluster
analysis due to its efficiency and simplicity (Garcia-Dias et al., 2020). It requires as
input a matrix of M points (observations) in N dimensions (variables) and a matrix of K
initial cluster centers in N dimensions (Hartigan & Wong, 1979). Its procedure
divides data into k classes, where each data belongs to the nearest cluster center. During
the clustering calculation, the mean of points in the cluster is used as the cluster center
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for the Euclidean distance calculation and is gradually optimized with iterations. In
other words, it minimizes the pairwise deviations of points in the same cluster (Hu et
al., 2023).

The simplicity and low computational complexity have given the K-means
clustering algorithm wide acceptance in many domains for solving clustering problems
(kotun et al., 2023). However, K-means requires numerical data, which makes it harder
from being used to cluster real-world data containing categorical values (Huang, 1998).
Thus, this paper uses the k-modes algorithm, an extension of the k-means algorithm
created for categorical domains developed by Huang (1998).

The k-modes approach substitutes the means of clusters with modes. It employs a
frequency-based strategy to update modes in the clustering process to minimize the
clustering cost function to deal with category items (Huang, 1998). The main difference
between k-modes compared to k-means is that the distance between data points X and Y
is the number of different observations. It is based on a simple dissimilarity measure
according to Equation 4.1:

n
Y)Y = 80 (4.1
i=1
where,
_(0,x; =y
8(xs, o) = {in 4

4.4.3 Cluster Algorithm Application

Before applying the K-modes, the optimal number of K clusters must be identified.
This research uses the Elbow and Silhouette Methods for this investigation. The Elbow
Method consists of calculating the Within-Cluster-Sum of Squared Error (WSS) for
different values of k. The ideal k value is usually identified from a graph (K numbers x
WSS) by viewing the elbow location. It means the k location for which WSS becomes
first starts to diminish (Mahendru, 2019; Syakur et al., 2018).

However, the elbow method is limited, considering that the discriminant of the
number of clusters depends on the manual identification of the elbow points on the
visualization curve. This procedure becomes harder when the plotted curve is fairly
smooth (Shi et al., 2021). For this reason, this study also considers the Silhouette
Method. This approach reveals which items are clearly within their cluster and which
ones are just in between clusters by using a silhouette to symbolize each cluster. The
data arrangement and the clusters' relative quality can be seen by integrating the
silhouettes into a single plot and displaying the full clustering. The average silhouette
width may be utilized to choose the right number of clusters (Rousseeuw, 1987).
Equation 4.2 calculates the Silhouette score:

b—a

S score = m (42)

Where,
a = cluster width (average intra-cluster distance)

b = average inter-cluster distance.
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The optimal k number is the one that presents the higher silhouette score (Bhardwaj,
2020). In case of distinct results between the Elbow and Silhouette method, the latter is
prioritized. As described previously, it is less subjective to the analyst interpretation.

4.4.4 Evaluation

There are several evaluation metrics for calculating the degree of accuracy of cluster
analysis by comparing predicted values to the cluster labels. Still, unsupervised learning
has no ground truth, and it is generally challenging to assess this degree of accuracy
(Garcia-Dias et al., 2020; Wong, 2022). Naturally, a satisfying clustering algorithm
produces clusters with slight intra-cluster variance and substantial inter-cluster variance
(Wong, 2022).

The average silhouette width is used to select an ‘appropriate’ number of clusters
and provides an evaluation of clustering validity (Rousseeuw, 1987). Therefore, this
method described in section 4.4.2, it is also the method used to evaluate the
performance of this analysis. The silhouette score varies from -1 to 1. The closest the
score is to its maximum implies that the intra-cluster distance is much smaller than the
smallest inter-cluster distance. It means that the observation is well-clustered, and there
is little to no doubt that it has been assigned to an appropriate cluster. When the score is
close to 0O, it means that the inter and intra-cluster distances are similar, and it is unclear
whether the observation should be assigned to the actual cluster or the second-best
cluster choice. Thus, it is considered an intermediate case. Finally, the closest score is -
1, which means the inter-cluster distance is larger than the intra-cluster distance.
Consequently, assigning the observation to the second-best cluster choice would be
more natural, and the object might be misclassified (Rousseeuw, 1987).

4.5 Person-Based features identification

Instead of examining general patterns in the formation of urban profiles, this final
phase of the methodology employs Binary Logistic Regression to analyze the influence
of specific features on the occurrence of mismatches. The objective is to investigate the
person-based variables that have the greatest impact on the perception of (women’s)
accessibility. The methodology for this phase can be summarized into six steps: scope
definition, primary data filtering, feature encoding, secondary data filtering, logistic
regression modeling, and evaluation metrics. Figure 4.8 illustrates the sequential steps
in a diagram. Similar to Cluster Analysis, the final step involves evaluating the model's
performance. In the event of unsatisfactory results, revisiting previous steps is advised
for improvement. The scope definition and primary data filtering remain unchanged as
they align with the research goals. Consequently, features encoding also remains intact.
Therefore, if results are insufficient, the focus shifts to reanalyzing the secondary data
filtering step.
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Figure 4.8: Methodology Diagram of Person-Based Features Identification

4.5.1 Scope definition

This section focuses on mismatches among women. It aims to identify the most
relevant characteristics that influence the mismatches among women. Even though
section 4.3 describes three different mismatch types: strong, moderate, and slight, this
analysis focuses on modeling the mismatch occurrence in general. Thus, this section's
three mismatch types are generalized to ‘mismatches.” This decision is due to some
reasons.

First, there may not be enough observations for each mismatch category (strong,
moderate, or slight) to create precise logistic regression models on their own. When the
sample size for a particular mismatch type is minimal, the logistic regression model's
estimations may be unstable and inaccurate. Lower events per variable values during the
building of the prediction model have frequently been linked to worse predictive
accuracy after validation (van Smeden et al., 2019). Thus, the study gains by merging
the mismatch types, enhancing the stability of the model results.

Furthermore, this section prioritizes the mismatches with higher occurrence.
Otherwise, the mismatch variable might present significant unbalanced data (i.e., a
significantly larger proportion of zeros than ones) (Salas-Eljatib et al., 2018). Some
standard classifiers have been observed to perform poorly in machine learning tasks due
to disparities in prior class probabilities (Japkowicz & Stephen, 2002).

Finally, the author's main objective is to highlight the features that most influence
the likelihood of mismatches among women. The literature review described in Chapter
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2 identifies that women face different challenges in reaching locations and spatially
distributed opportunities (Gil Sola & Vilhelmson, 2022; Stark & Meschik, 2018; M.
Zhang et al., 2022). Therefore, this research aims to give insights into the common
elements that lead to general mismatch occurrences across different kinds by
concentrating on the total frequency of mismatches, which can be more realistically
helpful and applicable.

4.5.2 Primary data filtering

This section investigates the dataset that combines the survey answers with the
mismatch cases per participant. A primary feature selection is realized in this dataset,
depending on the mismatch transport mode type. Since this section aims to analyze
personal characteristics that impact mismatch cases, the questions related to individual
elements, social competence, material resources, and safety perception are considered in
this analysis. Anyhow, competence (driver’s license possession), social (transport
support), and material (car access) resources are strictly related to car transport mode.
Thus, these features are included only in the case of car mismatch analysis.

Furthermore, it is essential to perform comprehensive data cleaning. Initially, the
dataset is filtered to include only women's responses, thereby focusing on this specific
target population of interest. In addition, any missing data from other questions are
excluded from the analysis, analogously to the cluster analysis procedure presented in
section 4.4.

4.5.3 Feature Encoding

Apart from the postal code open question, the survey questions were multiple
choice, with either a range or specific options. Thus, all questions in this analysis are
categorical, meaning the units of observation differ in type or kind, such as a group
membership (Alkharusi, 2012).

However, all variables added to the model for regression analysis must be
continuous variables. A continuous variable, like time and height, is one on which
participants differ in kind or degree (Alkharusi, 2012). Features can be efficiently coded
as integers to solve this requirement. In this project, binary questions such as ‘Do you
have a driver’s license’ and ‘Do you live with a partner’ were encoded into integers
where 0 represents No and 1 represents Yes.

Moreover, this phase applies the Dummy Coding method to questions that are not
binary. Dummy Generation is a coding technique to express group membership in a
mutually exclusive and exhaustive form. Any categorical variable with k categories may
often be represented by making (k-1) dummy variables with numerical values. In this
procedure, all subjects belonging to one group are given the same numerical value, a
code, while all matters belonging to the other groups are granted a distinct number value
(Alkharusi, 2012). For instance, this research questionnaire asks the participant's age,
giving five range options:18-25, 25-35, 36-45, 46-55, 56-65, 66-75, and More than 75.
The Dummy coding method transforms each option into a new feature, with values of 0
and 1 for each feature. In this research, ‘0’ means negative and ‘1’ means positive.
Therefore, 1’ in the *18-25’ feature means the participant has between 18 to 25 years
old. The Dummy Generation is applied for all non-binary questions included in this
phase.
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4.5.4 Second Data Filtering

After the features encoding, the dataset presents 37 to 45 features, depending on the
transport mode type. However, assigning significance in high-dimensional regression is
challenging. Most computationally efficient selection algorithms cannot guard against
the inclusion of noise variables (Meinshausen et al., 2009). Realizing a binary logistic
regression with many features can be difficult and problematic for several reasons. In
the context of this project, excessive correlation or multicollinearity across
characteristics might lead to instability in the estimate of coefficients and make it
challenging to comprehend the impact of certain features. Additionally, it could make
the model more complicated, making it more challenging to decipher and understand
the connections between the attributes and the objective variable (Harrell, 2015).

Thus, this project considers different techniques to identify and select the most
relevant input variables to the target variable. One standard methodology is Pearson
Correlation (Agarwal, 2022), which investigates the absolute value of Pearson’s
correlation between the target and other features in the dataset. In Pearson’s correlation,
the score can vary from -1 to +1, where the closest to -1 means that two objects are
highly inversely correlated, the closest to 0 means two objects are uncorrelated and the
most relative to the maximum score means two objects are highly similar (Berman,
2016). The Pearson correlation of two objects (x and y) sums the product of their
differences from their object means and divides the sum by the product of the squared
differences from the object means, as described in Equation 4.3:

Y xi—x)(yi-y)
VY (xi-x)ZV(yi-y)?

Pearson's correlation = 4.3)

Thus, the features that present a higher correlation with the target variable are
maintained in the dataset. In addition, the multi-collinearity is checked, which means
the correlation among variables excluding the target variable. In the case of
multicollinearity between variables, the variable with a higher (absolute) correlation
with the target variable is maintained. This methodology analysis the multicollinearity
among Vvariables that are higher than 0.7.

Furthermore, this phase tests two different feature selection techniques. The first one
is Recursive Feature Elimination (RFE), one of the most popular approaches in the
literature in the last two decades (Barbiero et al., 2022). It is a supervised methodology
that iteratively removes the worst features based on the performance of the target model
(Barbiero et al., 2022). The relevance of each element is first determined by training the
estimator on the initial set of characteristics and then by any individual attribute or
callable. The least crucial components are then removed from the current list of
features. Once the appropriate number of features to pick has been attained, the
technique is recursively repeated on the trimmed set (Scikit-learn, n.d.). This research
applies the RFE approach by using the sk.learn a method called
‘sklearn.feature selection.RFE’.

The second feature selection technique considered is Chi-squared (X?2) test. It is a
nonparametric statistical analyzing method applied only to discrete (categorical) data.
The most common use of the test is to assess the probability of association or
independence of facts. If properly applied, it answers by rejecting the null hypothesis or
failing to reject it (Zibran, 2007). The null hypothesis is one of the two interpretations of
a statistical relationship in a sample. It assumes that there is no relationship between the
feature and target variable, and the relationship in the sample reflects only sampling
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error (Chiang et al., 2015). To test this null hypothesis using Chi-test, the X2 value is

calculated by Equation 4.4.
2 : 0; — E;)?
XZ = % (44)

0; = observed frequencies of a variable

Where,

E; = expected frequencies
i =fromiton
n = the number of observations.

The calculated X2 value is then compared to the critical value from
the X2 distribution table with degrees of freedom. In this case, the number of degrees of
freedom equals the number of columns in the table minus one multiplied by the number
of rows in the table minus one, or (r-1)(c-1). The critical X2 is defined according to the
degrees of freedom and chosen confidence level, as presented in Appendix C.1. Finally,
we reject the null hypothesis if the calculated X2 value is bigger than the
critical X2 value. One limitation of the chi-squared test is its sensitivity to sample size
(Zibran, 2007).

The feature selection techniques, RFE, and X2 test were tested in each model
individually. The number of features for both metrics is pre-determined by the analyst.
Thus, this research tested different features amount for each technique. The most
suitable technique is chosen according to the models’ performance. The metrics of
model performance evaluation are Confusion Matrix, ROC-AUC, and Pseudo R?, later
described in section 4.5.6.

4.5.5 Logistic Regression Modelling

The Logistic Regression function of the Python library sklearn creates the Logistic
Regression Model. When learning a dependence from data in machine learning models,
it is crucial to divide the data into training and testing sets to avoid overfitting (Gholamy
et al., 2018). Empirical studies show that the best results are obtained if we use 20-30%
of the data for testing and the remaining 70-80% for training (Gholamy et al., 2018).
Therefore, this study considers these ranges to split data into test and training samples.
Each model consider a different train/test split within this range aiming to achieve the
best model performance.

45.6 Evaluation Metrics

This phase considers three main metrics for evaluating models’ performance: Confusion
matrix, ROC- AUC, and Pseudo Rz2. In addition, it considers the Odds Ratio and P-value
to assess the variable's influence in the model.
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Confusion Matrix

The confusion matrix is a trendy measure used while solving classification
problems. It can be applied to binary and multiclass classification problems and
represents counts from predicted and actual values (Kulkarni et al., 2020). The
confusion matrices present four outputs: True Negatives (TN), which show the number
of negative examples classified accurately; True Positive (TP), which indicates the
number of positive examples classified correctly; False Positive (FP) describes the
number of negative examples classified as positive and False Negatives (FN) represents
the number of positive examples classified as negative (Kulkarni et al., 2020).

Based on these concepts, accuracy measurement is calculated, which means the
number of true values (TN and TP) divided by all observations (TN, TP, FN, and FP).
Accuracy, however, can be deceptive when applied to unbalanced datasets; as a result,
alternative measures based on a confusion matrix might help assess performance.
Hence, the metrics Precision and Recall are famous metrics for classification. Precision
shows how accurate the model is for predicting positive values. Therefore, it is
calculated by dividing the TP by the sum of TP and FP. Finally, recall helps measure
the strength of a model to predict positive outcomes, and it is also known as the
sensitivity of a model. Thus it is calculated by dividing the TP by the sum of TP and FN
(Kulkarni et al., 2020).

Receiver operating characteristic curve (ROC) and area under the curve (AUC)

In addition, Kulkarni et al. (2020) present the concept of classifying a model
performance using the ROC (receiver operating characteristic) curve. Plotting involves
determining the true positive rate (TPR) on the y-axis and the false positive rate (FPR)
on the x-axis. A classifier must operate within a predetermined range of thresholds
between 0 and 1.

The upper left corner of the ROC curve denotes successful classification, whereas
the lower right corner denotes unsuccessful classification. If a classifier reaches the
upper left corner, it is considered to be effective. Any classifier with a ROC curve
below the diagonal is doing worse than random guessing, which is completely
counterproductive. The AUC value is a score that ranges from 0 to 1. Any lower
diagonal ROC curve classifier will have an AUC score below 0.5. Similarly, the ROC
curve in the top diagonal will receive AUC scores greater than 0.5 (Kulkarni et al.,
2020).

Pseudo R2

In logistic regression, a pseudo-R2 is a statistical measure that indicates how well the
model fits the data. It is referred to as "pseudo™ because it is an approximation of the R2
used in linear regression, which cannot be directly applied to logistic regression due to
the different nature of the dependent variable.

McFadden's pseudo-R2? is a commonly used measure in logistic regression
(McFadden, 1974). It compares the likelihood of the entire model to the probability of a
null model (intercept-only model) and calculates the proportion of the likelihood ratio.
The formula for McFadden's pseudo R? is as follows:

R2 =1 - (log-likelihood of full model / log-likelihood of the null model)
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A higher value of McFadden's pseudo-R? indicates a better fit of the model to the
data, with a maximum value of 1 indicating a perfect fit (McFadden, 1974).

Odds-Ratio

Odds ratios are used to examine the relative chances of the result of interest, in this
case, mismatches, occurring given exposure to the variable of interest, such as
individual characteristics (Szumilas, 2010). Thus, the value of OR means:

» OR=1 Exposure has no impact on the likelihood of success.

* OR>1 Exposure is linked to a higher likelihood of success

* OR1 Exposure linked to a reduced likelithood of success

P-value

The P-value is the probability, under the assumption of no effect or difference (null
hypothesis), of obtaining a result equal to or more extreme than what was actually
observed. The P stands for probability and measures how likely it is that any observed
difference between groups is due to chance, and conventionally P<0.05 represents the
statistically significance of a variable (Meinshausen et al., 2009).
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5. Results

This chapter presents the results for each methodology proposed in this research:
Spatial Accessibility, Perceived Accessibility, Mismatches Identification, Urban
Profiles Identification, and Person-based features Identification.

5.1 Spatial Accessibility Results

This section presents the spatial accessibility levels for accessing different facility
types using various modes of transportation. Figure 5.1 provides an overview of

accessibility levels for reaching grocery stores through walking, cycling, car, and public

transport.

The distribution of reachable amenities is similar for walking and cycling. However,
regarding public transport, the distribution shows a slightly more dispersed pattern than

the first two modes. Conversely, amenities accessible by car are highly concentrated,
with predominantly good and very good accessibility levels.
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Figure 5.1: Accessibility Levels to grocery stores per transport mode

The concentration of reachable schools by walking, cycling and public transport are
located in similar regions. On the other hand, the areas classified as very good or good
accessibility by car presents some variances, as presented in Figure 5.2.
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Figure 5.2: Accessibility Levels to Schools/Daycare per transport mode

Furthermore, Figure 5.3 describes the Accessibility levels to Entertainment for each
transport mode. The number of regions classified as limited accessibility is higher for
walking and cycling modes than other amenity types. The regions considered to have
good and very good accessibility by walking or cycling are concentrated in municipality
centers. Regarding driving, the accessibility levels are more spread among the
geographical scope.
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Accessibility Levels to Entertainment
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Figure 5.3: Accessibility Levels to Entertainment activities per transport mode

Additionally, when analyzing the cycling accessibility in Delft, most regions are
categorized with very good accessibility by bicycle to entertainment spots. On the
contrary, in the Leidschendam-Voorburg context, most areas are classified as limited.
Figure 5.4 highlights the accessibility levels in both regions.

60



Accessibility Levels Cycling

T
Oggidschendam

®e -Voorburg
@

¥

Limited Accessibility
Moderate Accessibility
Good Accessibility

il

Very Good Accessibility

U ——
Skm

Figure 5.4: Accessibility Levels by cycling to entertainment activities in Leidschendam-
Voorburg and Delft

5.2 Perceived Accessibility Results

This section presents the survey application's findings in two sections: descriptive
statistics for the sample and a gendered perceived accessibility analysis. The descriptive
statistics provide an overview of the participants' characteristics compared to the
MRDH population. The gendered perceived accessibility analysis explores how gender
influences individuals' perceptions of accessibility.

5.2.1 Descriptive Statistics

The distribution of the questionnaire occurred over eight weeks. This research phase
gathered 530 answers, of which 202 were valid after the cleaning process. The answers
are distributed in six municipalities of the MRDH: Rotterdam, Schiedam, Den Haag,
Delft, Rijswijk, and Leidschendam-Voorburg. This distribution is presented in Table
5.1.

Table 5.1: Survey answers distribution among municipalities

Municipality Respondents amount ~ Percentage
Rotterdam 85 42%

Den Haag 41 20%
Leidschendam-Voorburg 36 17.8%
Delft 32 15.8%
Rijswijk 4 2.2%
Schiedam 4 2.2%
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Moreover, Table 5.2 shows the sample's descriptive statistics and the Metropolitan
Rotterdam-The Hague area population for each demographic variable presented in the
questionnaire.

Table 5.2: Descriptive statistics of the sample and MRDH population

Question Option Frequency  Percentage Percentage
(%) MRDH (%)
What gender Female 122 61.6 50.54
do you Male
identify as?* 76 38.4 49.46
What is the Level before middle
highest school (Total) 1 0.5 3.00
education Middle school (Total) 15 7.6 68.00
level you have HBO (higher professional
completed?? education) bachelor 53 26.8 ]
HBO (higher professional
education) master 20 10.1 -
MBO (Secondary
vocational education) 23 11.6 -

WO (research-oriented
higher education)

bachelor 26 13.1 -
WO (research-oriented
higher education) master 55 27.8 -
PHD 5 2.5 -
Higher education (Total) 182 91.9 29.00
What is your Between 18 - 25 47 23.7 11.11
age? 26-35 57 28.8 11.73
36-45 29 14.6 14.03
46-55 25 12.6 13.52
56-65 27 13.6 14.00
66-75 10 5.1 12.54
Older than 75 3 1.5 7.83
What was Less than 22.000 43 21.8 -
approximately 109.000 - 131.000 3 1.5 -
incmg ?netthe 22.000 - 43.500 32 16.2 ]
last year? 43.500 - 65.500 55 27.9 -
65.500 - 87.500 28 14.2 -
87.500 - 109.000 9 4.6 -
More than 131.000 3 1.5 -
Prefer not to say 24 12.2 -
What was Less than 22.000 7 6.3 -
approximately 22.000 - 43.500 17 15.3 -
mgonrﬁz e 43.500 - 87.000 39 351 .
and your y 87.000 - 131.000 22 19.8 ]
partner 131.000 - 175.000 8 7.2 -
together in the 175.000 - 218.000 3 2.7 -
last year?? More than 218.000 3 27 -




Prefer not to say 12 10.8 -
Africa 6 3 0.80

_What/where Another European
is your 5.70
country 37 18.7
country of North America 4 2 -
origin?? -
Caribbean 1 0.5 -
Central America 3 1.5 -
South America 26 13.1 -
America (Total) 34 17.1 0.50
Oceania 1 0.5 0.00
South Asia 3 15 -
South Eastern Asia 7 3.5 -
Western Asia 4 2 -
Central Asia 3 15 -
East Asia 5 2.5 -
Asia (Total) 22 9.5 1.20
The Netherlands 98 49.5 91.20

Distribution in the population for each demographic variable is obtained from: 1. (UrbiStat
S.r.l., n.d.); 2. (OECD, 2016); 3. no relevant source was found for this variable.

Table 5.2 shows that the research sample presents most women (62%); however, the
population of MDRH is almost equally divided into women and men. In addition, 92%
of the research participants have higher education. It shows that participants are highly
educated, compared to 29% of the MDRH population with a higher degree.
Furthermore, most participants are young, from 18 to 35 years old, a higher proportion
than the population sample.

Another significant discrepancy between distributions is the participant's origin.
Approximately half of the participants are foreigners, mostly Europeans (19%) and
South Americans (13%). The other foreigner's origins are well distributed among Asia,
Africa, and other American Regions. On the other hand, 91% of the MDRH population
is Dutch.

Among participants that do not live with a partner, most of them (35.1%) have a
salary between 43.500 and 65.500 euros, 21.8% have a salary lower than 22.000 euros,
16% earn between 22.000 and 43.500 euros, 14% between 65.500 and 87.500 euros and
12% prefer not to say. Furthermore, among participants that live with a partner, most
couples (35.1%) present a household salary between 43500 and 87000 euros, 20% earn
between 87000 and 131000 euros, 15% between 22.000 and 43500 and 11 % prefer not
to say. This research did not find relevant sources related to the individual or household
income among MDRH population.

This investigation demonstrates, in short, that this sample cannot be regarded as
representative of the MDRH community. The sample can be generalized as mainly
young foreigners. Still, it is helpful for a preliminary analysis of participant perceptions
of accessibility that differ. Care should be taken in generalizing the result to the general
MDRH population.

Furthermore, Table 5.3 summarizes the household composition (children and
partner presence) and the car-related questions. Most of the participants do not have
children (63%) or have one or more children older than 12 years old (25%). It shows
that only 12% of the participants are parents of young children. Moreover, 56% live
with a partner. Regarding car-related questions, most participants (81%) have a driver’s
license. The car access is well-distributed among participants: 33% of participants
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declare always accessing a car, while 30% declare never accessing a car. The other 37%

is distributed among the intermediate categories.

Table 5.3: Household composition of the survey’s participants

Question Option Frequency Percentage(%)
Do you have children? No 127 63.2
(You can select Yes, one child or more between 5 and
multiple options) 12 years old 8 4
Yes, one child or more between 5 and
12 years old,Yes, one child or more
older than 12 years old
3 15
Yes, one child or more older than 12
years old 51 25.4
Yes, one child younger than 5 years old
5 2.5
Yes, one child younger than 5 years
old,Yes, one child or more between 5
and 12 years old
3 15
Yes, two or more children younger than
5 years old 4 2
Are you living together No 87 439
with a partner? Yes 111 56.1
Do you have a driver's No 38 18.8
license for a car? Yes 164 81.2
To what extent do you I can always make use of a/my car
have access to a car? 66 33
I can sometimes use a car 33 16.5
I can usually make use of a car
23 11.5
| do not have access to a car 60 30
| sometimes can, and sometimes cannot
make use of a car
18 9

5.2.2 Gendered Perceived Accessibility Analysis

Since this research aims to identify how accessibility perception differs
according to gender, this section presents the following results distinguished by answers
of men and women. It's noteworthy that individuals who opted for the 'Others' category
in the Gender identification question were excluded from this analysis. This exclusion
was made due to the broad range of interpretations encompassed by the '‘Others'
category, which could potentially dilute the meaningful insights derived from the

analysis.
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First, the survey results show that the number of men and women who generally
agree (options ‘agree’ or ‘strongly agree’) have social network support is similar. Figure
5.5 describes these differences. More women ‘strongly agree” while more men ‘agree.’
In addition, a higher fraction of women strongly disagree than men

Social Network Support

Women l 16% 19% 41% -
Men I 21% 16% 47% .

I Strongly disagree Agree
Disagree B Strongly agree

Neither agree nor disagree

Figure 5.5: Social Network Support Perception by Men and Women

In addition, Figure 5.6 and Figure 5.7 present the car-related questions in a gendered
distinction. It shows that despite the majority of driver’s license possession in both
cases, 12% fewer women have a driver’s license. In addition, the ‘Car Access Status by
Gender’ visualization shows that, compared to men, a higher fraction of women do not
have access to a car, and a lower fraction usually or always uses a vehicle.

Driver License Status by Gender

B No B Yes

Figure 5.6: Drivers’ License Status by Men and Women
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Car Access Status by Gender

Men- o o o -

I 1 do not have access to a car I can usually make use of a car

I sometimes can, and sometimes can not make use of a car I ] can always make use of a/my car

I can sometimes use a car

Figure 5.7: Car Access by Men and Women

Moreover, this research asks the participants to rank the aspects according to a
ranking order from 1 to 5, where 1 represents the most critical aspect, and 5 represents
the last important aspect when they choose a transport mode. Figure 5.8 shows the
ranking average for each element, distinguished for women and men. They agree that
“Time’ is the most important aspect, ‘Money’ is the fourth most crucial aspect, and
‘Sustainability’ is the last important aspect. They disagree on the second and third most
important aspects, where women consider ‘safety’ more critical than ‘comfort” while

men think the opposite.

Average Rankings of Transport Mode Aspects by Gender

I Women
Time
BN Men
Safety
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(]
% Comfort
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Sustainability
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Figure 5.8: Aspects of a Transport Mode Choice ranked by Men and Women

This study also analyzes the safety perception of women and men by using several
transport modes at night. Figure 5.9 summarizes the results. The safety perception
among women at night by walking, cycling, and public transport presents similar
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results. The number of women who feel very unsafe or unsafe is higher than men. In
addition, the number of women that feel safe or very safe is lower compared to men.
Within these three cases, women feel more unsafe or very unsafe walking at night. On
the contrary, men feel more unsafe or very unsafe than women by car. The amount of
women that feel very safe by car is still lower than men. However, the fraction of
women who feel safe by car is 4% higher than men.

Safety Perception by Walking Safety Perception by Cycling

Women I 30% 34% 25% I Women i 22% 38% 30%
Men )I.n% 37% 33% - Men Hel2% 26% 45% -

Safety Perception by Car Safety Perception by Public Transport

Men i% o o - Men nll% 29% 47% .

I Very unsafe Safe
Unsafe B Very safe
Neither unsafe nor safe

kR
(2]

‘Women I 20% 32% 37%

Figure 5.9: Safety Perception of Men and Women at night per Transport Mode

This research contains answers from municipalities that differ in size and population
type. Therefore, this chapter briefly investigates the difference between safety
perception at night by comparing two distinct areas. This analysis focuses on two
municipalities within the MRDH region that differ in terms of population size:
Rotterdam, the largest city with 664 thousand habitants (Statista, 2022), and
Leidschendam-Voorburg with 77 thousand habitants (Brinkhoff, 2023). While Rijswijk
is the smallest city within this geographical scope with 55 thousand habitants
(Brinkhoff, 2023), it has a limited number of survey responses, with only four answers.
To ensure a robust analysis, we have included Leidschendam-Voorburg, which is
smaller than Rotterdam but provides a substantial number of answers (36).

It analyzes walking mode, which presents a higher proportion of ‘very unsafe’ and
‘unsafe’ perceptions and public transport due to the difference between public transport
options in each municipality. Figure 5.10 shows the safety perception in Rotterdam and
Leidschendam-Voorburg by walking. In both cities, the perception of women that feel
‘very unsafe’ or ‘unsafe’ is higher than men's. However, 25% of women living in
Leidschendam-Voorburg from this sample feel very unsafe walking at night, while only
2% feel the same way in Rotterdam.
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Safety Perception by Walking - Rotterdam Safety Perception by Walking - Leidschendam-Voorburg

Wolnenllﬁ 2% 34% 30% I Women - 25% 35% 10% I
Men - 7% 50% 21% - Men I 20% 33% 27% .

B Very unsafe Safe
Unsafe B Very safe
Neither unsafe nor safe

Figure 5.10: Safety Perception of Men and Women at night by Walking in Rotterdam and
Leidschendam -Voorburg

Comparing the safety perception of Public Transport by the residents of both
municipalities, the proportion of women that feel ‘very unsafe’ or ‘unsafe’ is higher
than men. However, as presented in Figure 5.11, the balance of women that feel very
unsafe in Leidschendam-Voorburg is 21%, while no women from our sample feel ‘very
unsafe’ in Rotterdam. It shows a higher discrepancy regarding safety perception in
transport comparing both cities.

Safety Perception by Public Transport - Rotterdam Safety Perception by Public Transport - Leidschendam-Voorburg

Women - 16% 32% 46% I w{,men- 16% 42% 16% I
Men - 7% 30% 48% - Men | 20% 33% 40% I

I Very unsafe Safe
Unsafe Il \Very safe
Neither unsafe nor safe

Figure 5.11: Safety Perception of Men and Women at night by Public Transport in Rotterdam
and Leidschendam -Voorburg

In addition, the questionnaire includes questions about the primary transport mode
used to each of the points of interest investigated in this research. Figure 5.12 describes
the primary transport mode men and women use for each activity type.
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Figure 5.12: Main transport mode of Men and Women for each activity type

The primary transport mode used to grocery stores for men and women is highly
similar. Walking is the most popular, followed by bicycle, car and public transport.
Women use slightly more public transport than men for this travel purpose. Regarding
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school or day care, the transport mode preferences differ between men and women.
Most women use bicycles as the primary transport mode for this activity type. The
second most popular is walking. The exact fraction of women consider Car and Public
Transport the primary transport mode, the last popular options for this activity.

On the other hand, men primarily use cars. The second most popular option is
cycling, and the third is walking. In this sample, no men use public transport as the
primary transport mode to take children to school or day care.

Finally, the proportion of transport modes preferences for entertainment activities is
highly similar between men and women. The most popular option is cycling, and the
second is public transport. This graph shows that, in this sample, women use public
transport as the main transport mode less than men for this activity type. In contrast,
women use more cars than men.

The mobility capability answers are not presented in this chapter because they are
analyzed in the following section 5.3.

5.3 Accessibility Mismatches Identification Results

This phase consists of comparing spatial accessibility with perceived accessibility.
Only aggregated data is presented in this phase to preserve participants' privacy. Thus,
this section does not present mismatches per participant but only by groups of men and
women. The results are based on cumulative mismatches, transport mode, and
mismatches type.

5.3.1 Analysis by Cumulative Amount of Mismatches

This research analyzes a total of twelve combinations resulting from three activity
types and four transport modes. However, the study exclusively investigates access to
schools and daycares among parents of young children. Therefore, participants without
young children are analyzed considering two amenity types and four transport modes,
resulting in eight possible mismatches. This phase aims to investigate the cumulative
number of mismatches separately for men and women in these two groups.

As mentioned in section 5.5.1, parents of young children represent 12% of the total
sample, accounting for 23 participants. Consequently, the investigation of
school/daycare amenities and the general analysis of parents of young children are
limited to this sample size. Figure 5.13 illustrates the number of mismatches per gender
for participants without young children.
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Cumulative Mismatches by Gender - Participants without young children
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Figure 5.13: Cumulative Mismatches of Participants without young children

The percentage of women with at least one mismatch is higher than men. In

addition, the fraction of participants with four or more mismatches is higher between
women than men. On the other hand, when visualizing the same analysis for parents
with young children, most men present more mismatches compared to women. The

results are described in Figure 5.14.

Cumulative Mismatches by Gender - Parents with young children

- Total Mismatches

25.0%
10.0% 1
2
o,
10.0% 3
4
e 20.0% . 5
20.0°
12.5% '
o
% ,
Men Women

Figure 5.14: Cumulative Mismatches of Participants with young children

5.3.2 Analysis by Transport Mode

Furthermore, this section investigates the fraction of mismatches per transport mode

within the two previously described participant groups. The analysis of participants

without young children includes grocery stores and entertainment amenities. In contrast,
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the analysis of participants with young children encompasses primary schools / day care
facilities, as well as grocery and entertainment amenities. Figure 5.15 presents the
percentage of participants with mismatches per transport mode among participants
without young children.

Proportion of Mismatches by Transport Mode - Participants without young children
56.0%

3.7%

33.0% 2+3%

15.6% 16.4%

Proportion of mismatches

‘Walking Cycling Driving  Public Transport

Figure 5.15: Percentage of Mismatches by Transport Mode of Participants without young
children

In this analysis, more women perceived accessibility by car or walking as
inconvenient or not possible, whereas the area is classified with a good or very good
accessibility level. On the other hand, more men perceived not possible or inconvenient
cycling or using public transport. It is also noticed that cycling is the transport mode
with fewer mismatches while the car presents the higher amount. Among all cases, the
walking transport mode presents the higher difference between men and women, which
is 5.1%.

When investigating the same analysis among parents of young children, men present
more mismatches in all categories, as shown in Figure 5.16. The most gender-equitable
transport modes are bicycles and cars, while walking shows a difference of 7.5%
between men’s and women’s mismatches proportion. Furthermore, 22.5% more fathers
of young children than mothers see public transport as an inconvenient or not possible
transport mode to reach amenities while the areas are considered accessible. It is the
most significant disparity between men and women.
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Proportion of Mismatches by Transport Mode - Participants with young children
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Figure 5.16: Percentage of Mismatches by Transport Mode for Participants with young children

5.3.3 Analysis by Mismatches Type

This study investigates the fraction of mismatch types per activity. This phase
analyzes the schools/daycare results only for participants with young children. Figure
5.17 shows the distribution of mismatch types per gender and activity type when
walking is the transport mode. Only women perceived accessibility differently than
spatial accessibility to reach grocery stores. The mismatches are slight or moderate.
When reaching schools or daycare, 37.5% of men perceived it as inconvenient, while
the area is categorized with good accessibility. These are all cases of slight mismatches.
On the other hand, 10% of encountered a mismatch when reaching schools or daycare;
all are moderated mismatches. Finally, the percentage of women that presents
mismatches to entertainment activities by walking is slightly higher than men, with
more moderate or strong mismatches.
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Figure 5.17: Walking Mismatch type per Activity

When analyzing the cycling mismatches, men present a slightly higher proportion in

all activity types. Apart from schools/daycare, in general, the differences between

gender in this transport mode is relatively low. The results are described in Figure 5.18.
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Figure 5.18: Cycling Mismatch type per Activity
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Further analyzing the car mismatches, women face higher mismatches when
reaching groceries and entertainment, and in both cases, the amount of strong
mismatches is higher. On the contrary, men face more mismatches by driving to
schools/daycare. These mismatch types are slight or moderate, while the mismatches
among women are moderate or strong. The results are presented in Figure 5.19.
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Figure 5.19: Car Mismatch type per Activity

Finally, in the case of public transport, men present a higher mismatch percentage in
all activity types. The results are presented in Figure 5.20. The most significant
difference between men and women is shown in the schools/daycare analysis.

Regarding access to schools or daycare, most men (62.5%) find it inconvenient or
not possible by public transport, where 12.5% of them present strong mismatches. On
the other hand, women show only slight or moderate mismatches, representing 20% in
total. Finally, men present slightly higher mismatches to entertainment by public
transport; however, women present more moderate to strong mismatches among them.
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Public Transport Mismatch Types per Activity
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Figure 5.20: Public Transport Mismatch type per Activity

This phase also investigates the proportion of mismatch types for both men and
women. Figure 5.21 describes the ratio of mismatch types among all mismatches for
two groups, participants without young children and parents of young children.
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Figure 5.21: Proportion of mismatch types among mismatches

This analysis shows that women in both groups present a higher proportion of strong
and slight mismatches than men. In contrast, the proportion of moderate mismatches is
higher among men. The discrepancy between mismatch types among men and women is
more evident in participants with young children.
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5.4Urban Groups Identification

The identification of urban groups involves conducting two primary clustering
analyses: one focusing on clusters that include mismatches related to entertainment
activities (named from here on First Cluster Analysis) and another examining clusters
that incorporate mismatches associated with grocery stores (named from here on Second
Cluster Analysis). The analysis does not consider mismatches concerning travel to
schools due to the limited sample size of parents with young children.

This section investigates mainly the individual characteristics, material, and
competence components of participants. The perceived social support represented by
the question, “If I cannot travel somewhere (important) myself, I think someone in my
network (e.g., a friend, a family member) would be available to help me,” is not
included in the cluster analysis. Similarly, this phase does not consider the perceived
safety question, “How safe do you feel while traveling with the following transport
modes during the night (after dark)?”. The main reason behind this decision is that the
social support variable did not present differences among clusters, and dropping this
variable provided a better cluster performance. The variables related to safety
perception were not included in the clustering analysis for the following reasons.
Firstly, the safety perception variable consists of four distinct categories based on
different modes of transportation. These categories would complicate the clustering
analysis and potentially dilute the focus on defining urban groups. Moreover, the
influence and impact of safety perception will be thoroughly examined in section 5.5 —
Person-based features identification results.

Furthermore, this investigation has chosen not to include the mismatch variable for
grocery stores accessed by public transport, as it may result in less reliable findings in
the context of the Netherlands. The majority of grocery stores in the area are easily
reachable by walking or cycling. Therefore, participants may perceive public transport
as inconvenient, not solely due to personal barriers, but also because it is not a common
practice considering the distribution of these amenities. Thus, all features included in
each clustering analysis are presented in Table 5.4.

Table 5.4: Description of the variables included in each cluster analysis

Variables’ type 1% Cluster Analysis 2" Cluster Analysis
Variables Variables

Individual Components Gender, Age, Country of Gender, Age, Country of
Origin, Income, Highest Origin, Income, Highest
Education Level, Children, Education Level, Children,
Partner presence Partner presence

Material Component Car Access Car Access

Competence Component Driver’s License Driver’s License

Mismatch Analysis Entertainment activities by  Grocery stores by walking,

walking, cycling, car, and  cycling, and car.
public transport

Both cluster analyses reveal an optimal number of clusters, which is determined to
be 3 based on the elbow method and silhouette method. The detailed results for each
method can be found in the Appendix D.1 and D.2. The first cluster analysis yields a
silnouette score of 0.34, indicating a good score within the range of 0 to 1. Likewise, the
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second cluster analysis achieves a silhouette score of 0.37. Overall, the results of this
section are deemed satisfactory. Further details regarding the results of each cluster
analysis are provided in the subsequent sections.

5.4.1 First Cluster Analysis

This analysis identifies three main groups. Table 5.5 describes the most predominant
characteristic of each cluster. The first cluster is formed mainly of women from 18 to 25
years old that does not have access to a car but have a driver’s license. They are mostly
not living with a partner, do not have children, have an HBO Bachelor, and have an
income of less than 22.000. Most people in this cluster are from The Netherlands. This
cluster does not present any predominant mismatch types for entertainment activities.

The second cluster of this analysis is predominantly composed of women, from 26
to 35 years old and that do not have access to a car. Most of this group have a driver’s
license, live with a partner, and do not have children. The majority hold a WO master's
degree, earn a 43000-65500 salary, and are mainly from other European countries.
There is a predominant mismatch in entertainment activities by car.

The third cluster is composed mainly of middle-aged men who always have access
to a car and hold a driver’s license. The household composition is formed by a partner
and one or more children older than 12. Most participants in this cluster have an HBO
bachelor, earn 43500 to 65500, and it’s from the Netherlands. This cluster does not
present any predominant mismatch type.

Table 5.5: Clusters and their predominant values — First Cluster Analysis

Mismatch Type Demographics Data
Walk Bicycle Car Public Gender Age Car Driver's  Living Children  Highest Net Country
Cluster Transport Access License  witha Education Income  of Origin
partner Level
I do not
) have
First 26-  access wo 43.500 -
Cluster N No Yes No Female 35 toacar Yes Yes No master 65.500 EU
I can Yes, one
always child or
make more
use of older
Second 56- a/my than 12 HBO 43.500 -
Cluster No No No No Male 65 car Yes Yes yearsold bachelor 65500 NL
I do not
) have Less
Third 18  access HBO than
Cluster o No No No Female -25 toacar Yes No No bachelor ~ 22.000 NL

In addition, this analysis investigates the proportion of values in each variable.
Figure 5.22 describes the ratio of each mismatch type among the clusters. The
proportion of walking and entertainment activity mismatches is similar among all
clusters. The first cluster presents slightly less frequency of this mismatch type. When
analyzing the car mismatches, most participants in the first cluster present this mismatch
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type. Around 10% present this mismatch in the second cluster and approximately 30%
in the third. The mismatches related to public transport are slightly higher for the second

cluster.
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Figure 5.22: The proportion of mismatch types among clusters

In this sequence, Figure 5.23 describes each cluster's proportion of car access and
driver’s license possession. Most participants in clusters one and three cannot access a
car. The majority of participants in the second cluster always have access to a car. The
fraction of participants that do not hold a driver’s license is similar to clusters 1 and 3,
and zero to cluster 2.
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Cluster Profiles - Car Access
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Figure 5.23: Car access and driver’s license possession for each cluster

In addition, when analyzing the gender distribution, it is identified that the first
cluster is predominantly composed by women. The third cluster is also primarily
composed by women, with a higher proportion of men than the first cluster. On the
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contrary, the second cluster presents mainly men. Regarding age, the first cluster varies
mainly from 26 to 45, the second cluster ranges from 46 to 65 and the third cluster is
predominantly young, with the most common ages from 18 to 35. Figure 5.24
summarizes these results.

Cluster Profiles - Gender Cluster Profiles - Age
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Figure 5.24: Gender and Age distribution among clusters

The household composition per cluster is described in Figure 5.25. The first cluster's
majority lives with a partner and does not have children. The second cluster shows
mostly people living with a partner and with children and the third one includes mostly
participants without children and not living with a partner.
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Figure 5.25: Household composition among clusters

Figure 5.26 summarizes each cluster's education level and net income proportions.
The education level of the third cluster is well distributed, and the highest ratios are
MBO and WO bachelor. The first cluster’s predominant education is also mixed;
however, participants with WO master are the majority. The higher education of the
second cluster is mostly HBO bachelor and WO master. Regarding income, the income
of the first cluster varies mostly from 22.000 to 65.500, the second cluster from 43.500
to 87.500 and the third cluster varies mainly from less than 22.000 to 43.500.

82



Cluster Profiles - Highest education level Cluster Profiles - Net Income
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Figure 5.26: Education level and net income among clusters

Finally, the country of origin of each cluster is presented in Figure 5.27. People
from the first cluster are predominantly foreign, mainly from other European countries
and South America. The second cluster shows the highest amount of Dutch people.
Despite the majority of Dutch, the third cluster proportion is almost divided between
locals and foreigners.
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Figure 5.27: Country of Origin among clusters

From this deep investigation, this research describes that the first cluster is mostly of
women foreigners around their thirties with an average salary, with partners, and no
children. The second cluster comprises senior Dutch men adults with higher salaries,
partners, and children. Finally, the third cluster is mainly students that earn a lower
salary range, mixed origin with no children or partners.

5.4.2 Second Cluster Analysis

The second cluster analysis investigates the creation of clusters combining
demographic data with mismatches related to grocery stores. Table 5.6 presents the
clusters created in this investigation and the predominant values for each group.

The first cluster of this analysis shows the same predominant values as the first
cluster of the previous examination. It means this cluster is mainly represented by
foreign women from 26 to 35 years old, living with a partner, without children, and
without access to a car. Similarly, this group presents predominant mismatches to
grocery stores by car.

The second group of this analysis is represented mainly by middle-aged women
with access to a car, living with a partner, with children, and originally from the
Netherlands. This group does not show any predominant mismatch types.

The third cluster is composed of young men from 18 to 25 years old that are not
living together with a partner and do not have children. Most participants of this group
declared that they could sometimes use a car. They are originally from The Netherlands
and do not present predominant mismatch types.
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Table 5.6: Clusters and their predominant values — Second Cluster Analysis

Mismatch Type

Demographics Data

Walk Bicycle Car Gender Age Car Driver's Living Children  Highest Net Country
Cluster Access License witha Education Income of Origin
partner Level
| do not
have
First 26- access to WO 43500-
Cluster No No Yes Female 35 acar Yes Yes No master 65500 EU
Yes, one
| can child or
Second always more
Cluster make older than
56- use of 12 years HBO 43.500 -
No No No Female 65 mycar  Yes Yes old Bachelor  65.500 NL
| can
) sometim Less
Third 18- esusea WO than
Cluster  Ng No No Male 25 car Yes No No bachelor 22000 NL

When further investigating the distribution of mismatch types among clusters,

Figure 5.28 presents that the proportion of walking mismatch to grocery stores is very
low for all clusters. Still, the fraction is slightly higher for the second cluster, the
middle-aged women. Moreover, the mismatches by bicycle to grocery stores are
somewhat higher among the first cluster, the foreign women adults. In contrast, the
young Dutch men present a lower percentage of mismatches by bicycle. When
evaluating the mismatches by car, as previously explained, there is a higher proportion
among the first cluster. The second cluster shows the lower ratio of this mismatch type.

85



Cluster Profiles - Mismatch walk Cluster Profiles - Mismatch Bicycle
1.0

.0- 1.0-
0.8- 0.8 -
0.2- 0.2-
0.0- ' g

' 0.0-

f=}

=)
[=}
=)}

Proportion
Proportion

o
'S

o

'S

.

First

]
=
Iz}
=1
o=
85

Second
Third
Second -
Third

Cluster Profiles - Mismatch Car

1.0-

0.8-

Proportion
g
>

‘

=
s

0.0-

rd

First
Second
Thi

N No N Yes

Figure 5.28: The proportion of mismatch types among clusters

The gender and age proportion of these clusters is presented in Figure 5.29. The first
cluster is composed mainly of women. The second and third clusters show a more
distributed proportion between men and women, with a predominantly group of men in
the third cluster. Moreover, the first cluster participants' age is around 26 to 45, from 46
to 65 in the second cluster, and between 18 and 25 in the third one.
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Figure 5.29: Gender and Age distribution among clusters

Furthermore, Figure 5.30 describes each cluster's car access and driver’s license
possession proportions. The first cluster participants predominantly do not have access
to a car, the second can always use a car, and the third cluster presents varied car access.
Driver’s license possession is around 70% of the participants in the first and third
clusters and close to 100% percent in the second cluster.
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Figure 5.30: Car Access and Driver’s License possession among clusters

Regarding the household composition, 60% of the first cluster lives with a partner,
while the same variable represents 20% of the second cluster and around 95% of the
third cluster. In addition, most participants in the first and second clusters do not have
children, the opposite of the second cluster. The results are presented in Figure 5.31.
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Figure 5.31: Household composition among clusters

The education level among all clusters is quite diverse. Most participants of the first
cluster hold a WO master, and most participants of the second cluster have an HBO
bachelor and a WO bachelor, in the case of the third cluster. The latter does not include
a Ph.D. percentage. The income range of the first cluster is very diverse but
predominantly from 43.500 to 65.000. However, the second cluster is similar, with
significant proportions of higher salaries. The third cluster presents the lower income
range of less than 22.000. The results are shown in Figure 5.32.
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Figure 5.32: Education level and net income among clusters

Finally, Figure 5.33 presents the proportion of the country of origin of participants
in each cluster. The first cluster shows mostly foreign participants where most of them
from another European country and secondly from South America. The second cluster
is 80% represented by Dutch, and the third cluster is also diverse, with around 60%
Dutch participants.
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Figure 5.33: Country of Origin among clusters

In brief, the three clusters can be summarized as foreign women adults with an
average income, middle-aged Dutch mothers with a higher income, and Dutchmen
young adults with a low income. Foreign women adults present a higher proportion of
mismatches by car to grocery stores.

5.5Person-Based Features Identification

This section focuses on investigating the occurrence of mismatches among women
and identifying the most influential characteristics associated with these occurrences.
The analysis primarily focuses on three prevalent mismatches: accessing entertainment
activities by car, by walking and reaching grocery stores by car. These three analyses
have been selected due to their highest proportion of mismatches among women. These
investigations are referred to as the First, Second and Third Logistic Regression
analyses, respectively.

The initial step involves filtering the variables based on the transportation mode
under investigation. For example, variables such as car access and driver's license are
included only in the first and third analyses. The filtering process is presented in detail
in the Appendix E.1.

The next step involves investigating the presence of multicollinearity among
variables with a correlation above 0.7. In each analysis, certain variables such as 'No
children' and 'One child or more older than 12 years old' exhibit a negative correlation,
while variables like Tncome: More than €131,000' and 'Origin: Central America' show a
positive correlation. To address multicollinearity, the analysis excludes the variable
with the lower absolute correlation with the target variable. The detailed process is
provided in the Appendix E.2.
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The final feature selection for each analysis, along with the corresponding feature
selection technique and the number of features, is presented in Table 5.7. These
selections are based on the best model performance achieved.

Table 5.7: Feature Selection analysis for each Logistic Regression

Regression Analysis  Feature Amount Features selected
Selection of
Technique  Features

1% Logistic RFE 6 - One child or more between 5 and

Regression — 12 years old

Mismatch - Neither safe nor unsafe

Entertainment by car - MBO (Secondary vocational
education)

- | can usually make use of a car
- | car always make use of a/my car

2" Logistic X2squared 4 - Age:45-56

Regression — - Safe

Mismatch - Very Unsafe

Entertainment - MBO (Secondary vocational
walking education)

3" Logistic X2 squared 7 - Age:56-65

Regression — - Neither safe nor unsafe
Mismatch Grocery - Very safe

stores by car - 1 do not have access to a car

- | sometimes can, and sometimes
cannot make use of a car

- I can usually make use of a car

- | can always make use of a/my car

Finally, the model performance and features importance analysis are presented for
each logistic regression investigation.

5.5.1 First Logistic Regression — Mismatches to entertainment activities by car

The evaluation metrics of this model's performance are presented in Table 5.8. The
confusion matrix shows that out of 36 instances, 19 were correctly predicted as
negative, and four were correctly predicted as positive. The evaluation phase considers
the test data, therefore 20-30% of the total amount of instances. For this reason, there
are 36 instances and not 200, the total amount of answers collected. The evaluation of
the other Logistic Regression analyses follow the same logic.

There were nine false negatives (actual positive incorrectly predicted as negative)
and four false positives (actual negative incorrectly predicted as positive). The model's
accuracy is 0.64, indicating that it correctly predicted the outcome for approximately
64% of the instances. The precision of 0.5 suggests that when the model predicts a
positive outcome, it is correct 50% of the time. The recall value of 0.31 indicates that
the model correctly identifies only 31% of the actual positive instances. In addition, the
pseudo-R-squared value of 0.187 represents the model's goodness of fit or explanatory
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power, indicating that approximately 16.3% of the variation in the outcome can be
explained by the independent variables included in the model.

Overall, the model shows moderate performance with an accuracy of 0.64 and a
precision of 0.5. However, the recall is relatively low at 0.31, suggesting that the model
may have difficulty identifying positive cases. The pseudo-R-squared value indicates a
modest explanatory power, indicating that the included independent variables explain a
portion of the outcome variation. An AUC of 0.74 indicates reasonably moderate
discrimination ability. The correspondent ROC Curve is presented in the Appendix E.3.

Table 5.8: Model Evaluation Metrics — First Logistic Regression

Actual Values

Negative Positive
Predicted Values Negative 19 4
Positive 9 4

Train/Test: 70/30; Accuracy: 0.64, Precision: 0.5, Recall: 0.31, Pseudo R% 0.163,
AUC:0.74

When analyzing the model’s features, most independent variables exhibit significant
associations with the outcome variable, indicating their potential impact on the odds of
the outcome occurrence, as presented in Table 5.9. Notably, perceiving oneself as
neither safe nor unsafe demonstrates a strong positive association, with a significant p-
value of 0.0236 and an odds ratio of 4.1023. Additionally, the variables "MBO
(Secondary vocational education)” and "I can always make use of a/my car" exhibit
significant associations, although with opposite directions of impact, as reflected by
their respective p-values of 0.0202 and 0.0023, and odds ratios of 0.3825 and 0.6433.

It is worth noting that the variable "One child or more between 5 and 12 years old"
shows a p-value of 0.1294, suggesting a lack of statistical significance in its association
with the outcome variable. It indicates that one or more children in that age range may
not significantly impact the odds of the outcome occurring.

Table 5.9: Variables’ evaluation metrics — First Logistic Regression

Target Variable Independent Variables P-value Odd-
Ratio
Mismatches to One child or more between 5 and 12 0.1394 2.0516
entertainment years old
activities by car Neither safe nor unsafe 0.0236 4.1023
MBO (Secondary vocational 0.0202 0.3825
education)
I can usually make use of a car 0.0345 0.6999
| can always make use of a/my car 0.0023 0.6433

Therefore, Figure 5.34 presents the Odds ratio of the variables with significant
influence on the model.

93



Odds Ratios for Logistic Regression Features
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Figure 5.34: Odds Ratios of Significant Features - 1% Regression

5.5.2 Second Logistic Regression— Mismatches to entertainment activities walking

The performance of this model is presented in Table 5.10. It includes Confusion
Matrix values, accuracy, precision, recall, Pseudo Rz and AUC Score. The
corresponding ROC Curve is presented in the Appendix E.3.

Table 5.10 - Model Evaluation Metrics — First Logistic Regression

Actual Values

Negative Positive
Predicted Values Negative 21 1
Positive 2 0

Train/Test: 80/20; Accuracy: 0.875, Precision: 0, Recall: 0, Pseudo R% -0.018, AUC
score: 0.74

The model evaluation results indicate that the model achieved an accuracy of 0.875,
meaning that 87.5% of the predictions matched the actual values. However, the
precision and recall values are both 0 since the model did not correctly identify any
positive instances. The pseudo-R? value of -0.018 indicates poor explanatory power,
implying that the model may not fit the data well. The AUC of 0.74 contradicts the
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previous metrics. Overall, the model's performance is characterized by high accuracy
but poor precision, recall, and explanatory power, emphasizing the need for further
analysis and potential model improvements.

When investigating the variable's influence in the model, the logistic regression analysis
results presented in Table 5.11 suggest that several independent variables have varying
significance levels concerning the target variable, "Mismatches to entertainment
activities walking." Age 46-55 shows a statistically significant relationship, with a 48%
decrease in the odds of mismatches for each unit increase in age.

Table 5.11: Variables’ evaluation metrics — Second Logistic Regression

Target Variable Independent Variables P-value Odd-
Ratio
Mismatches to Age 46-55 0.0314 0.48
entfarj[a}lnment . Very Unsafe 0.4199 2.78
activities walking
Very safe 0.0009 0.48
MBO (secondary vocational school) 0.4946 1.59

In addition to the previous summary, it is essential to note that the analysis reveals a
clear relationship between the perceived safety levels and the occurrence of mismatches
in entertainment activities when walking. The odds ratio of 0.48 for the "Very Safe"
category suggests that individuals who perceive the environment as very safe have
lower odds of experiencing mismatches.

However, the "MBO (secondary vocational school)" and ‘Very Unsafe’ variables do
not demonstrate statistical significance, suggesting a lack of association with
mismatches. Figure 5.35 presents the variables with statistical significance and their
Odds Ratios.
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Figure 5.35: Odds Ratios of Significant Features — 2" Regression

While the model's performance may not be optimal regarding precision, recall, and
other metrics, analyzing the logistic regression coefficients can provide insights into the
relationships between the independent and target variables.

5.5.3 Third Logistic Regression — Mismatches to grocery stores by car

First, the model performance is presented. Table 5.12 describes the Confusion
Matrix values, accuracy, precision, recall, Pseudo Rz and AUC Score. The
correspondent ROC Curve is presented in the Appendix E.3.

Table 5.12: Model Evaluation Metrics — Third Logistic Regression

Actual Values

Negative Positive
Predicted Values Negative 9 2
Positive 6 7

Train/Test: 80/20, Accuracy: 0.67, Precision: 0.72, Recall: 0.54, Pseudo Rz 0.289, AUC
Score: 0.73

The model achieved an accuracy of 0.67, indicating that 67% of the predictions
matched the actual values. The precision of 0.72 suggests that 72% of the optimistic
predictions were correct. The recall rate 0.54 implies that only 54% of the actual
positive instances were identified correctly. The pseudo-R2 value of 0.289 indicates a
moderate level of explanatory power in the model, explaining around 28.9% of the
variance in the response variable. The model demonstrates moderate accuracy and
precision but struggles to capture all the positive instances, resulting in a relatively
lower recall rate. The AUC (Area Under the Curve) value of 0.73 suggests that the
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model's ability to discriminate between positive and negative instances is relatively
good.

Furthermore, the feature's influence on the model is investigated. The variables’ P-
value and Odd-Ratio are described in Table 5.13.

Table 5.13: Variables’ evaluation metrics — Third Logistic Regression

Target Variable Independent Variables P-value Odd-
Ratio
Mismatches to Age 56-65 0.7154 1.03
grocery stores by car Neither safe nor unsafe 0.0347 3.02
Very safe 0.4714 0.73
I do not have access to a car 0.0299 2.85
| sometimes can, and sometimes 0.0643 0.51

cannot make use of a car

I can usually make use of a car 0.0693 0.61
I can always make use of a/my car 0.0019 0.21

Among the independent variables, feeling neither safe nor unsafe and not having
access to a car show statistically significant associations with mismatches to grocery
stores. Individuals who feel neither safe nor unsafe are approximately three times more
likely to experience mismatches, while those without car access are around 2.85 times
more likely to have mismatches. Additionally, always having car access is strongly
associated with a lower likelihood of mismatches, with individuals in this category
being significantly less likely to experience mismatches. Other variables, such as age,
feeling very safe, and inconsistent car use, do not show significant associations with
mismatches to grocery stores by car. Figure 5.36 presents the variables with statistical
significance and their Odds Ratios.
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6. Discussion

This chapter provides a comprehensive discussion and interpretation of the research
findings while presenting the limitations pertinent to this project. This section interprets
the findings in four areas: Perceived Accessibility, Mismatches Identification, Urban
Groups ldentification, and Person-based Features Identification. The discussion does
not include the Spatial Accessibility results, as they are primarily utilized for
comparison purposes rather than directly addressing the research questions of this study.
Subsequently, based on the findings, the limitation section elucidates the assumptions
that can be made and those that should be approached with caution.

6.1 Perceived Accessibility

The main findings from the perceived data analysis show that women perceive
safety at night at different levels than men. Regarding the transport modes walking,
cycling, and public transport, the safety range among women that includes ‘safe’ and
‘very safe’ perception is lower than for men. In contrast, the unsafety range that
includes ‘unsafe’ and ‘very unsafe’ options among women represents a higher
proportion than men's perception. A distinct outcome emerges when examining safety
perceptions at night concerning car travel, with women exhibiting lower feelings of
insecurity compared to men. This noteworthy rise in safety concerns among men, as
opposed to women, when opting for cars as a mode of transportation, constitutes a novel
discovery not previously discussed in this literature review.

The survey data also shows that women have less access to a car than men. In
addition, when ranking valuable aspects of choosing a transport mode, men and women
present similar results. Time is considered the most critical aspect when choosing a
transport mode, and money and sustainability are the least important. On the contrary,
women and men disagree on safety and comfort ranking positions. While women see
safety as the second most crucial aspect, men consider it comfort. These results align
with the literature review, which identifies safety (Priya Uteng et al., 2019; Tiznado-
Aitken et al., 2020) and car access (Havet et al., 2021; Priya Uteng, 2021) as one of the
most critical aspects impacting mobility and accessibility of women.

6.2 Mismatches identification

The analysis reveals that regardless of gender, there are fewer mismatches where
cycling is the transport mode and more mismatches where cars are the transport mode.
Notably, women exhibit a higher proportion of mismatches specifically associated with
cars. This result may be related to the lack of car access among women and it raises a
hypothesis that this lack of car access highly impacts their accessibility perception by
car. This finding is supported by existing literature highlighting the impact of car access
on the mobility of women (Havet et al., 2021; Priya Uteng, 2021).

Furthermore, minor gender-related discrepancies are evident in the mismatch ratios
for walking, cycling, and public transport use during nighttime entertainment. As
described previously, women feel more unsafe in these transport modes at night.
Surprisingly, this contrast becomes less pronounced when evaluating the number of
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mismatches associated with nighttime entertainment activities involving the same
transportation options. This pattern gives rise to a hypothesis: although women
commonly experience heightened safety concerns, this alone might not be compelling
enough to lead them to consider these transport alternatives as unfeasible or
inconvenient. This phenomenon could also be labeled as the 'foreign effect'.

Ceccato and Loukaitou-Sideris (2022) underscore the importance of the urban and
cultural context in analyzing transit safety perceptions. They suggest that fear among
women is more pronounced in the Global South compared to the Global North. In this
present study, 50% of international participants are South Americans, representing
around 18% of the total sample. Consequently, their outlook could potentially impact
these findings.

The 'foreign effect’ hypothesis posits that the perception of nighttime walking or
cycling as unsafe might be shaped by past experiences and background of growing up in
an environment perceived as generally insecure. Paradoxically, this perception contrasts
with the Netherlands' reality, where these transportation modes are commonly used
without adverse incidents. Thus, the perception of unsafety does not precipitate a
decrease in the use of these modes.

Furthermore, when examining participants without young children, women
generally experience a higher proportion of mismatches, whereas men with young
children encounter more mismatches. The gender disparity becomes particularly
pronounced when considering public transport trips to schools/daycare, where men face
significantly more mismatches than women. This implies that fathers may have barriers
to using public transport for school or daycare transportation. The higher concentration
of mismatches among fathers of young children to school and grocery stores might be
related to the fact that women shoulder more household responsibilities in childcare and
maintenance tasks (Havet et al., 2021; Lo & Houston, 2018), as presented in the
literature review. Thus, these activities might be generally perceived as inconvenient
among fathers.

Additionally, women consistently demonstrate higher ratios of strong mismatches,
indicating their perception of certain modes as impossible to use in areas with accessible
amenities. In contrast, men exhibit higher proportions of moderate mismatches. This
discrepancy between men and women is particularly evident among parents of young
children, suggesting that the presence of young children in a household influences
accessibility perception differently for men and women. However, it is crucial to
exercise caution when interpreting these findings due to the limited sample size of
parents considered in this research, described in more detail in Section 9.2.

6.3 Urban Groups ldentification

This analysis aims to identify distinct urban groups based on personal characteristics
and the occurrence of mismatch types, explicitly focusing on mismatches related to
grocery stores and entertainment activities at night. Notably, the urban group of women
adults aged 36-45, predominantly foreigners, with an average salary, living with a
partner and no children, and lacking access to a car, exhibits the highest proportion of
mismatch types when using a vehicle. This observation leads to a hypothesis suggesting
that this particular group is more vulnerable to experiencing mismatches associated with
car usage. Interestingly, although the presence of walking mismatches is minimal across
all groups, it is slightly less prevalent among this group of women adults. However, it is
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important to acknowledge that the results may be influenced by the lack of
representativeness in the research sample, as discussed in section 5.2.

6.4 Person-based features identification

The findings reveal that the safety perception of 'neither safe nor unsafe’ is
significant in driving to entertainment facilities and grocery stores. Participants with this
neutral safety perception are four times more likely to experience a mismatch in
accessing entertainment activities by car and three times more likely to experience a
mismatch in accessing grocery stores by car. As this safety perception is neutral, this
research assumes that the perception of safety or unsafety does not influence the
perception of convenience or the possibility of using a car for grocery stores and
entertainment activities.

Furthermore, both mismatches related to driving exhibit strong significance
concerning car access variables. In the case of entertainment activities, having constant
or regular access to a car decreases the likelihood of experiencing a mismatch.
Additionally, participants with an MBO education level have lower chances of
encountering this mismatch. The negative impact of education level on this type of
mismatch has not been discussed in the existing literature, thus necessitating further
investigation to explore possible connections between education level, accessibility
levels, and car access. Additionally, it's essential to take into account the potential
impact of the data sample’s representativeness on these findings. For instance, there's a
common correlation between higher education levels and elevated income, and car
accessibility. Nonetheless, this correlation might not hold for foreigners, as other
barriers, such as possessing a local driver's license and navigating distinct transit
regulations, could influence car access despite education levels.

When investigating the mismatches of walking to entertainment activities at night,
two variables demonstrate higher significance in the model: safety and age. Specifically,
women who feel safe have lower chances of experiencing this mismatch. One intriguing
finding is that unsafety feeling does not positively impact the occurrence of mismatches.
Thus, it reinforces the hypothesis that women might not perceive this transport mode as
not possible or inconvenient even with a feeling of unsafety.

Furthermore, women between the ages of 45 and 56 exhibit a decreased likelihood
of experiencing such mismatches. While the literature review underscores age's
influence on accessibility perception (Ryan et al., 2019), it remains uncertain whether
this age bracket heightens the propensity to view walking as a viable transportation
mode. One plausible hypothesis is that women within this age group are less prone to
mismatches due to several factors. Primarily, their engagement in nighttime activities is
lower in comparison to young adults (students). Additionally, they might reside in
residential zones and partake in entertainment outings less frequently.

6.5 Limitations

After presenting the results and their interpretation, it is crucial to address the
limitations of this research. These limitations can be categorized into sample size,
representativity, methodology, and scope.
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6.5.1 Sample Size

A limitation of this research is the small sample size obtained from the survey
application. While 200 responses are reasonable, a larger sample size would enhance
reliability and potentially yield new insights. A critical limitation is the small number of
23 parents of young children in the sample, representing approximately 12% of
participants. Consequently, results for this group are inconclusive. Moreover, small
sample size can compromise the performance of Logistic Regression and Cluster
analysis.

6.5.2 Sample Representativity

The perceived gathered data lacks representativity compared to the MDHR
population. Most participants are highly educated women, with about half of them being
foreigners. Therefore, results are limited to this specific demographic and cannot be
generalized to the entire geographical population. Additionally, this research shows that
the perception of accessibility components, such as safety, varies across spatial
contexts. Thus, the analysis results are biased towards the predominant area where the
data was collected, specifically Rotterdam.

6.5.3 Methodology

This study employs various methodologies to analyze the impact of gender and
personal characteristics on accessibility levels. A limitation of the spatial analysis is the
definition of thresholds and their sensitivity to results. Normative thresholds based on
average travel times by residents in the Netherlands were used, with assumptions made
when information was lacking. The research also calculated average driving speeds for
different activity types.

Furthermore, the spatial analysis methodology relies on mapping amenity locations
using Python tools and OpenStreetMap. A drawback is its dependence on the accuracy
of contributor-provided information, which may lead to incorrect or outdated
representation of some amenity types. Moreover, defining tags for amenities like
"grocery stores," "primary schools,” and "daycare centers" presents challenges, as there
are no unique tags for each.

Furthermore, this research assumes that participants commonly engage in nighttime
entertainment activities and travel to schools and daycare centers. However, it is
essential to acknowledge that this assumption may not accurately represent all
participants' experiences. As a result, the study is limited to this specific behavior.
Participants who, for instance, prefer individual home care for their children or do not
frequent restaurants, clubs, bars, cinemas, or theaters at night may be not represented in
this analysis.

6.5.4 Scope

This research evaluates three types of POls based on the literature review. However,
including other amenity types could provide new insights into gender-based
accessibility levels. Additionally, this research primarily investigates overestimation
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mismatches, but exploring the causes and gender distribution of underestimation
mismatches could shed light on the differences in accessibility perceptions of women
and men.

6.6 Future Research Directions

As discussed earlier, the findings of this research have generated new hypotheses.
The lack of access to cars among (foreign) women might negatively impact their
accessibility perception by this transport mode. Additionally, although women feel less
safe than men while walking, cycling, or using public transport at night, they still
perceive it as a possible option due to their previous experiences according to the city
context. Furthermore, fathers of young children might present more barriers to
accessing different activity types but mainly daycare facilities and primary schools
because they shoulder fewer child or household tasks compared to women. Finally,
women 45-56 years old presents fewer barriers to going to entertainment activities at
night because they go less to these activities compared to younger women. These
hypotheses are still inconclusive considering the scope of this research and its
limitations. Therefore, future research directions are recommended.

Firstly, it is essential to investigate the reasons behind the lack of car access among
women, particularly among foreign individuals, to gain a comprehensive understanding
of its implications on accessibility levels. Also, it is valuable to investigate if the
unsafety feeling at night and the few mismatches to this activity type are mostly caused
by the ‘foreign factor’ previously described.

Additionally, a more in-depth analysis is recommended to explore mobility barriers
faced by fathers of young children, especially concerning their use of public transport.
Understanding whether these barriers are related to time constraints, comfort
preferences, or other factors would be valuable. Furthermore, conducting a detailed
comparison between men and women who are parents of young children will provide
insights into whether the disparity in accessibility levels is accentuated within this
demographic and identify the underlying reasons.

In addition to the above-mentioned studies, it is recommended to explore other
research scopes that were not the primary focus of this study. For instance, evaluating
underestimation mismatches, in addition to overestimation mismatches, would be
beneficial. Also, understanding how the safety perception varies among cities and what
are main causes to it can potentially generate valuable results.

By delving into these suggested areas of investigation, it can be gained a more
comprehensive understanding of the complexities surrounding accessibility and safety
perceptions. These insights will contribute to the development of more effective policies
and interventions to enhance the equity of urban mobility.

For instance, creating policies to facilitate access to cars among foreign women.
They might face challenges in accessing private vehicles due to factors such as limited
familiarity with local regulations, financial constraints, or lack of documentation. To
address this, a policy could be designed to provide tailored support for foreign women
to obtain local driver's licenses or access car-sharing programs.

103



Based on the outcomes of this research, there appears to be a compelling rationale
for instituting a policy aimed at bolstering public transport utilization among men. A
strategic approach could involve implementing flexible fare structures, strategically
tailored to accommodate peak hours or popular routes for male commuters.
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7. Conclusion

This research aims to answer the main question ‘How do personal characteristics,
mainly gender, can impact accessibility levels?’. Based on a combination of quantitative
and case study approaches, it answers this question by investigating the impact of
personal characteristics at different levels, represented by sub-research questions. From
this analysis, there are several possible conclusions. New questions also present
potential directions for further investigation. Thus, this chapter aims to provide
summary comments and suggest some potential study issues for the future.

The first sub-research question, ‘How can perceived accessibility differ from spatial
accessibility?” is answered by comparing spatial accessibility analysis and perceived
accessibility analysis. From this comparison, this research identifies mismatches from
two perspectives: quantity (cumulative analysis) and qualitative (mismatch types). It is
determined that the most significant mismatch type, also called strong mismatches, is
more evident when using cars by women. It is also identified that fathers of young
children present more mismatches by traveling to schools or daycare, regardless of the
transport mode. Finally, it is discovered that women generally show a higher proportion
of strong and slight mismatches than men. On the contrary, men experience more
moderate mismatches than women.

This study's second sub-research question investigates ‘What urban groups present
an accessibility perception that differs the most from spatially calculated accessibility?’.
Hence, it conducts a clustering analysis to identify the formation of urban groups and
the proportion of mismatches for each group. This analysis shows that the most evident
mismatches are related to cars as transport modes and are experienced mainly by
foreign women adults. In fewer proportions, young adults present low to moderate
mismatches to the vehicle, and senior adults present a slightly higher presence of
mismatches to public transport compared to other clusters.

Furthermore, the third sub-research question studies ‘What are the most influential
personal characteristics that impact accessibility perception of women?’. A binary
logistic regression analysis is conducted to answer this question, and the variable's
significance and odds ratio is evaluated. This study identifies that car access is a critical
aspect that influences the occurrence of mismatches among women by car. In contrast,
the perception of safety or unsafety does not impact these mismatches since the most
influential variable is a neutral answer of ‘neither safe nor unsafe.” Additionally, when
investigating the event of mismatches among women by walking to entertainment
activities, it is identified that safety perception and age 45-56 appear to be the most
relevant variables of this study, and both reduce the chances of presenting a mismatch.

In brief, this study contributes significant value to the research area by employing a
unique combination of techniques to investigate person-characteristics' impact on
accessibility levels. By integrating spatial and perceived accessibility analyses,
clustering analysis, and logistic regression, the study identified mismatch levels, urban
groups, and factors contributing to differing perceptions of accessibility compared to
spatial analysis. This understanding is vital in identifying barriers to using
transportation modes to reach points of interest, ultimately supporting the development
of new transport policies and more equitable transport systems. These policy measures
could encompass efforts to enhance car accessibility rates among foreign women and
encourage greater utilization of public transport among men.

To arrive at more distinct conclusions and subsequently develop transport policy
initiatives that align, this study proposes several avenues for further investigation.
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Primarily, conducting an in-depth analysis of the limitations of car access, especially
among foreign women, is essential. Additionally, exploring the potential correlation
between women's safety perceptions and their diverse backgrounds and countries of
origin is highly recommended.

Moreover, comprehending the disparities in accessibility perception between parents
of young children and participants without young children warrants exploration.

Further, delving into the frequency of mismatches among fathers of young children,
who seem to exhibit a higher incidence of mismatches, is advised.

Furthermore, extending the analysis to encompass not only overestimation
mismatches but also underestimation mismatches could reveal novel insights. By
addressing these research recommendations in the future, more definitive outcomes can
be achieved. These findings can serve as valuable pillars for crafting more inclusive
transport policies and establishing a more equitable transportation system.
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Appendix

Appendix A.1
Cumulative Opportunities Metric Algorithm

tags_school = {'amenity’: ["school®,'childcare’,"kindergarten’ |}

tags_groc = {'shop": [‘'greengrocer” 'supermarket” ]}
tags_ent = {"amenity”: ["nightclub®, ‘restaurant”,”pub’, cinema’, " theater”]}

for i, centro in filtered_hexgrid pdf calec. iterrows():
¥hexagon centroid
center_point=(filtered hexgrid gdf calc.loc|i,”gecmetry’].y,filterad hexgrid gdf calc.loc|i, " gecmetry’|.x)
¥POIs
df_schools=ox.geometries.geometries_from_point(center_point, tags_school, dist=27288)
df_schools=df_schools.resel_Lndex()
¥origin definition
origin=filtered_hexgrid_gdf cale.loc[i:i+1)
origin = gpd. GeoDataFrame{origin, crs="epsg:4326")
ent_amount=8
i len(df_schools)»@:
df_schooli=df_schools.reset_index( )
df_schooli=df_schools.renane{coluans={ " Endex":"1d"}}

df schools| "geometry ' |=df schoolsi| "gecmetry” |.centrald

Btravel time by car
travel time matrix computer = TravelTimeMatrixComputer(transport network,origins-origin,
destinations=df_schools  transport_modes=| TransportMode .CAR |

result = travel time_matrix_computer.compute_travel times()
Bfiltering based on threshold

result=result|result| ' travel_time"]<331]

HBnunmber of pols awallable

ent_amount=len{result}

filtered_hexgrid_gdf calc.loc[l, 'amount car school® |=ent_amount
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Appendix A.2

Amenities distribution per city

Amenities distribution in Delft
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Amenities distribution in Schiedam
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Amenities distribution in Rijswijk
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Amenities distribution in Leidschendam-Voorbur
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Appendix A.3
Cities’ break points definition through Fisher Jenks algorithm
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Appendix B. 1
Ethics Application Form — Data Management Plan

Master Thesis

0. Administrative questions
1. Name of data management support staff consulted during the preparation of this plan.

My faculty data steward, Nicolas Dintzner, has reviewed this DPM on 2B/03/2023,

2. Date of consultation with support staff.

2023-03-28

I. Data description and collection or re-use of existing data

3. Provide a general description of the type of data you will be working with, including any re-used data:

How will data be Wh "
el tar ra- Purpose of Storage hnvz'
[Type of data File format(s) |used data: source ~ _g
processing location |access to
and terms of
lthe data
use)?
Gender, age, income, car and driver's license Store the participant’s |Project Praoject
ownership, level of education, Pastoode, perception of using a [Storage bearm
houtehald compogition, and transpart modes | csw files Ohnline survey transpart mode ta Jdrive [TU  [{suthans)
preferences to go to specific Points of reach & point of Delft One  (and
Irtarest. intaragt D] & uparvigars)
Projact Project
Jupyter Calculate the numbsar :.1.:::;!: l:;l:
Spatial data of Points of Interest and Hotebook ta CIS data of paints of interast ldrive MU [(autharis)
[Transpart Mebwarks in Rotbardam. collect the data available by differant Delft Qe |and
and .caw file to transpart modes, . -
shore e dnta Dirivees] S uparvigars)

4. How much data storage will you require during the project lifetime?

« < 250 GB

Il. Documentation and data quality

5. What d tion will acc

pany data?

« Data dictionary explaining the variables used
+ README file or ather docurnentation explaining how data & organited
* Methodaology of data collection

lll. Storage and backup during research process

Created using DMPonline. Last rmodified 31 March 2023
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&. Where will the data (and code, if applicable) be stored and backed-up during the project lifetime?

= Ancther dstorage fystem - pleade explain below, incleding provided Lecurity measures
& OneDrive

GitHub is gaing to stere the jupyter nobebook. All should be accessible to my fupervisors and co-authars. The questionnaire will be in
the Master thesis report, and the sther data will be in the One Drive repasitory.

IV. Legal and ethical requirements, codes of conduct
7. Does your research involve human subjects or 3rd party datasets collected from human participants?

* Yes

BA. Will you work with personal data? (information about an identified or identifiable natural person)
IF yow are not sure which option to select, ask yourdFaculty Data Steward for advice. You can also check with the
privacy website or contact the privacy team: privacy-tud@tudelft.nl

* Yes

BE. Will you work with any other types of confidential or classified data or code as listed below? (tick all that apply)

If you are not sure which option to select, ssk youFaculty Data Steward for advice.

#+ Mo, | will not work with any confidential or classified data/code

9. How will owmership of the data and intellectual property rights to the data be managed?

For profects involving commercially-sensitive research or research involving third parties, seek advice of yourfaculfy
Lontract Manager when answering this question. If thiz is not the case, you can use the exampile below.

This is an intermal TU delft master thesis project and no third parties are involved. The data will be stored in the authors' databage
and a restricted One Drive folder. The sccess will be open for her and the graduation committes. The author will have the right te
control access and be the data owner.

10. Which personal data will you process? Tick all that apply

# Other types of persanal data - please explain below
+ Gender, date of birth andfar age

Other pertonal data types will be asked, considering fixed ranges. Therefore, there are no open guestions except the pastcode.
Other types of personal data:
= level of education:

= Lower than rmiddle school
= Middle schoal

= Mbo

* HBD bachelor

Created using DMPonline. Last modified 31 March 2023 Zol6
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WO Bachelor
HEBD master
WO master
PHD

- age:

Between 18 - 25
Between 26 - 35
35 - 45

45-55

55-65

65 - 75

E ]

L

- gender:

+ Female
» Male
» Other

-anrual income range:

== 30000 gross
= 30000 - 40000 gross
= A0000- 60000 gross
- 60000- 75000 gross
- 75000- 90000 gross
- =30000 gross

R

- household compasition:

= at least one child balaw 5

= Twao or more children below 5

= At least ane child betwesn 5 and 12
= Children abowe 12

= Mo children

= country of origin:

# Metherlands

# Ancther European country
» Africa

* Asia

= Oosania

= Moarth America

= South America

- How lang have you baen living in The Netherlands

# <1 year

# 1io5 years
& 5to 10 years
& =10 years

11. Please list the categories of data subjects

Adult citirens (== 18 yaars ald) that live in The Netherlands.

12. Will you be sharing personal data with individuals/organisations outside of the EEA [European Economic Area)?

= Mo
15. What is the legal ground for personal data processing?

Created using DMPonline. Last modified 31 March 2023 3ol6
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& Infarmed carsent

16. Please describe the informed consent procedure you will follow:

all study participants will be asked for their written cordent for participating in the study and for data processing beforne the start of
the survey.

17. Where will you store the signed consent forms?

+ Same storage solutions as explained in guestion &

18. Does the processing of the personal data result in a high risk to the data subjects?

If the prog ing of the p I data results in a high risk to the data subjects, it is required to perform Bata
Protection Impact Assessment {DPIA). In order to determine if there is a high risk for the data subjects, pleaze check if
any of the options below that are applicable to the processing of the personal data during your research (check all
that apply).

If two or more of the options listed below apply, you will have txomplete the DPIA. Please get in touch with the
privacy team: privacy-tud ftudelft.nl to receive support with DPIA.

If only one of the options listed below applies, your project might need & DPLA. Pleaze get in touch with the privacy
team: privacy-tud@tudelft.nl to get advice as to whether DPIA is necessary.

If you have any additional comments, please add them in the box below.

« Mone of the above applies

22. What will happen with personal ressarch data after the end of the research project?

# Personal reseanch data will be destroyed after the end of the research project
= Anonymited or aggregated data will be thared with athers

23, How long will (pseud ised) | data be stored for?
# Other - pleage state the duration and explain the rationale below

The perional data will be stored far two ywears under the respongibility of the research advitor juliana Goncalves, email:
J.E.Goncalvesgtudelft.nl

The spatial data will be stored in the TU Dalft One drive.

24. What is the purpose of sharing personal data?

= (Other - pleade explain belaw

We will not be sharing personal data.

25. Will your study participants be asked for their consent for data sharing?

= Yes, in consent form - please explain below what you will do with data from participants wheo did not consent to data sharing

We will not be sharing personal data.

Created using DMPonline. Last modified 31 March 2023 4ol 6
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V. Data sharing and long-term preservation
27. Apart from personal data mentioned in question 22, will any other data be publicly shared?

« All ather naon-personal data (and code) underlying published articles | reports § theses

It will be chared the survey questions, the geographical data gathered, the analysis seript and survey aggregated antwers.

29, How will you share research data {and code); in the ane ti i in guestion 227

#+ Al anorymised or aggregated data, andfor all ather non-personal data will be uploaded to 4TU RessarchData with public
access

30. How much of your data will be shared in a research data repository?

s <= 100 GB

31. When will the data [or code) be shared?

= At the end of the research project

32. Under what licence will be the data/code released?

* Apache

Vi. Data management responsibilities and resources
33. ks TU Delft the lead institution for this project?

# e, the only institution invohed

34. if you leave TU Delft (or are unavailable), who is going to be responsible for the data resulting from this project?

The Advisor of thi€ master thesi project |ulisna Gongalves, email: |.E.Gancalves tudelft.nl.

35. What resources (for example financial and time) will be dedicated to data management and ensuring that data will

be FAIR (Findable, Accessible, interoperable, Re-usable)?

Mare.

Created using DMPonline. Last modified 31 March 2023
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Appendix B.2
Ethics Application Form — Informed Consent Form

Delft University of Technology
Informed consent form survey

English

You are invited to participate in a research study about accessibility. This study is being done by Iris
Eoeleven and Luisa de La Vega from the Techmical University of Delft (TU Delft).

The purpose of this survey is to understand how accessibility differs from person to person.
Accessibility means how easy it is to go to specific places using the existing transport system. For
example. we want to understand how convement 1t 1s for vou to reach places such as grocery stores
using different transport modes and'or duning specific times of the day. We are particularly interested
in the differences between pecple who identify as women and men

The survey will take you approximately 10 mimites to complete. The data from this survey will be
used for research purposes as a part of a Master’s thesis. which looks into the effect of gender on
accessibility to propose improvements to the current transport system. We will ask you for certamn
information. such as:

* Counfry of residence and posteode

s Socio-demographic information such as gender, age range, honsehold income range, whether
you live together with a partner, and whether you have chuldren

*  Your preferences and impressions about the transport modes (safety, quality, cost, availability)

* How convenient 1t 1s for you to use different transport moedes to reach specific places

s If you wish to participate in a draw to win a voucher from bol com, your email address (which
can be entered in a link to a separate survey shown once you have submitted the main survey)

To the best of our ability, your answers in this study will remain confidential. The data will be used
exclusively for research purposes about Accessibility and Gender, aiming to contribute to a more
equitable transport system. As with any online activity, the risk of a breach 15 always possible and
there 15 a risk of re-identification for the particzpants. We will nuinimize any nisks by separating email
addresses from survey answers, only analysing aggregated data, and deleting personal data after two
vears. Only aggregated survey answers will be published at the end of the study, which means that
vour answers will not be traced back to you. Content of open questions will not be shared in any way.

Your participation in this study is entirely voluntary and vou can withdraw at any time. It will not be
possible to remove answers to questions once the survey form has been completed and sent.

You can reach the research team through the following contact information:

Iris Roeleven (corresponding researcher): LR Roeleveni@student tudelft nl

Luisa de La Vega (comresponding researcher): L delavegabaymadeclhiveiraia student. tndelft. nl
Maarten Kroesen (responsible researcher): M Eroeseni@mdelft nl

Juhana Goncalves (responsible researcher): IE. Gonealvesiaitudelft nl

By clicking through to this online swrvey and completing all its mandatory questions, you are agresing
to this Opening Statement and providing your informed consent to participate in this study.
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Appendix B.3

Ethics Application Form — Human Research Ethics Checklist for Human Research

Applicant Information

PROJECT TITLE: Gender and Accessibility
Research period: March 2023 — July 2023
Technology, Policy and Management
Department: CoSEM
Type of the IEEEI'I:h project: Master's Thesis
[Bechalor’: PhiD, PostDoc, Senior
Rasearchar, Orgal
Funder of research: None
(EL|, NWQ, TUD, other— in wiich case please elebonse)
MamenfCurrespondlng Researcher: Luiza de La Vega Bayma de Oliveira
i rom the Respo & Resemrcher)
E-mall Durrﬁpnnd ing Researcher: l.delavegabaymadeocliveirai@student. tudelft.nl
rom the Responsibie Aesearchar)
Resealcher Masters student
Juliana Gonglves
j-e.goncalves@tudelft.nl
Position of Responsible Researcher : Assistant Professor
(PO, PostDor, Associate,” Assist i Professar]

Research Overview
NOTE: You

more guidance on completing this checklist hgre

a) Please summarise your research very briefly [100-200 words)

What are you locking into, who is involved, how many participants there will be, how they will

be recruited and what are they expected to do?

Add your text here — [plegse avoid jorgon end obbrewations)

on the accessibility perception of citizens in The Netherlands. The target group that will be
examined is adults (from eighteen years old) that live in The Netherlands, specifically

surveys will be promoted in diverse locations, such as commercial establishments and the
university campus in Rotterdam. In addition, the surveys will be applied to the authors” and
supervisors' networks.

To understand the impact of different personal characteristics on accessibility levels, this
study compares accessibility perception collected from surveys with the accessibility
calculated by spatial data. The surveys include questions about the participant’s perception
of using different transport modes to reach points of interest, such as grocery stores from
their houses. The spatial accessibility is calculated by mapping the transport mode options
and several points of interest available based on the participant's postcode.

It should be noted that for the surveys, this research study is combined with the work of

one survey will be used to gather data for both studies.

This research aims to analyze the impact of different personal characteristics, mainly gender,

Rotterdam. This study considers the application of digital surveys for around 500 people. The

fellow CoSEM master student Iris Roeleven, who has the same supervising team. This means

b} If your application is an additional project related to an existing approved HREC submission,
please provide a brief explanation including the existing relevant HREC submission
number/s.

Add your text here — (please avoid jargon and abbrevations|

] If your application is a simple & ion of, or am to, an existing approved HREC
submission, you can simply submit an HREC Amendment Form as a submission through
LabServant.
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. Risk Assessment and Mitigation Plan
NOTE: ¥ou ;

nd more guidanoe on complat

Please complete the following table in full for all points to which your answer is “yes". Bear in mind that the vast majority of projects invelving human

participants as Research Subjects also involve the collection of P
which may pose potential risks to participants as detailed in Section G: Data Processing and Privacy below.

onalky ldentifiable Information [P} and,ﬂ'orp-: rsonally ldentifiable Research Da

a (MIRD)

To ensure alighment between your risk assessment, data management and what you agree with your Research Subjects you can use the last two columns in
the table below to refer to specific points in your Data Management Plan (DMP) and Informed Consent Formn (ICF) — but this is not compulsory.

It's worth noting that y much more lik

to need to resubmit your application if you neglect to identify pote

5, than if you identify a potential

risk and demonstrate how you will mitigate it. If necessary, the HREC will ahways work with you and colleagues in the Privacy Team and Data Management
Services to see how, if at all possible, your research can be conducted.

If YEE plenss compiete the Risk Assessment ard MItigation FIon columns beiow.

Plegse provide
tihe relewont
reference &

RISK — ‘could arise?
PlzGse EmFUe that you lirt AL of the actual risks

MITIGATION PLAN — what mitigating seeps will you [T
mke?

e could p v orise — do nat simply
Witether you Consicer any surkh rsics ane important!

that you wihvat octual
mitigation msgsures you Will take for och potential
rigk identified — do not simply stote that Fou wiN Q.
compiy with i

A: Parners and collsboration

1. Will the reseanch be carried out in collabaration with additional
orEznisational partners such as:
& Omeor more collaborsting ressarch andfor commerdal

organisations
@ Either a rasearch, ora work soerence intemship provider?
* i yas; e ese inciuge e ion

2. |5 this nes=arch sependent on a Data Transfer or Frocessing Azreement with
= ol borating partner or third party supplier?
\fyas pisase provide o comy of the sigred OTA,

3. Haes this reseanch besn approwed by another [axternal] research ethics
committes [2.5.2 HREC and/or MREC/METC]?
IT'yes, pioase provide o o

and summerise any key

If YES pilease compiet= the Risk Assessment ond Mifigaton Flon columns below.

Piease prowide

et could potentiaily arise — do nat simply stote
Wihether you consicer any Surh risks ane importont!

tie relevant
reference &
ISSUE RISK ASSESSMENT —whist risks could arize? MATISATION PLAN —wihat mitigating seps will you VP KF
Pieoce ensure thot you ¥t ALL of the octua risks tmke?

Fiemse emsure thot pou summarise what octual
mitigation measures you will taks for soch potential
rigk identified — o not simpfy stote Ehat pou Wil eg.
comply with i

4. Will the resesrch tks place in @ counkry or couniries, other than the
within the ELI?

5. Wil the resesrch take piace in 8 country or countries outsids the EUY

&. Will the resesrch tnks place ina placs/negion or of higher risk — inchadng
WA CANEErous IncEtions [in any oountry] o kemtions with non-demooatic
rezimes?

C: Participants

7. Wil the Stucy involve parficpants who may be vainerable and possioly
[lemaily] unabie o shve informed consent? [e. 2., chiléren below the ezl see
for Ziving consent, people with kearning difficuities. peaple living in care o
nursing homes, |

E. Wiill the stucy mvoive parBcipants who mary be vuinerbie under spacific
drourstances and in spedfic contexts, such as victims and witnesses of
wiolence, inciLci ne domestic Violence: Sex WOrkers; Memoers of minorfy
Sroups, refusess, irreEulumiErumor:is;iuem?

iz the curvey it conducted voluntanl oy & sample of
Dutch ditizens, there may be vuinerabie peopie
amongst the paapie who dedde to particpate inthe
survey. These peopie might fiesl emotional or mental
discomfart whike flling out the survey,

Mo Cirectly iderkiiaoie Cats will be gaihered in the
survey. Furthermore, the survey will nat be designed to
coliert dete mbout the wuineranilities of respondents.
m-f,itwillnemuurmrspnms—za- the first
D of the survey that they can quit st any time
Besides, the survey will be appiied only to aduits |18
ERrS 0id of Dider].

9. Are the particpants, outside the context of the research, ina dependent or
subordinate position to the investizator [such s own chilcren, own studsnts or
employsss of sither TU Deift2nd/or 2 oallsborating partner organisstion|?

st possibie o

i f
£ Rt your vniuntion of i courrawn

10,1z there = hizh possibibty of re-idenbAication for your parioperts? =2, 4o
they b & very specalist o0 of which thers ane only s small number ina
SF¥En country, are they members of & small commenity, or empioyees from &
pariner company collaborating in the nesearch? Cir ane they one of onf 2

handtid of [expert] participants in the study”

There i=a risk of |@=rkiying the pariapants oy
combining the post cade and the demographics detn
|2 Bz, income, zender).

ncividusl Cata will not be puElished in any way, only
apgreguted dakn, 5o re-identification from puiished
cw:ammp-ou:e Iri RdCition, the surve’lrm will be
stored securely in the TU Dei®t OneDrive and onfy be
privately available in the TU Delft OneDrive for the

Euthor, collsborstor and supendzors.

D Reqruiting Participants
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If YES please compiets the Risk Assessment amd Mitigation Plam colums bei Piease provide
the nedewont
reference &

ISSUE RISK. isks could ariza? -'I'El.'l'lm PLAN —what mitigating steps will vou VP ICF

Piszse ensure thot you kit AL of the octuni risks
thaet cowld potentially orise — do not simply stote
wihether pou consider any such rsks are importont!

P!emeemw! that pou summarise wihot octoel

mitigation megsures you will take for soch potential
risk identified —do not simply state thot pou will e.g.
compiy with

11, Will your participants be recruftes through your own, professional,
channels such as conference sttendance lists, o through specific networkfs
SuCh B3 SEN-hSlE Eroups

12. Will the participents be recruited or sccassad in the kenger tarm by s [lzgsl
or customary| patekeeper? {22 &0 sdult professional working with children: 8
CommuUNity emder or family member who has this customany role — within or
Dutsigs the EU; the cata producer of 8 kns-berm conort stucy)

13. Will you be recr uiting vour perticipants throush 8 crowd- sounding service
and//or invoive B third party deta-gathering senice, such 25 & survey plstform?

‘Opatrics will be used a5 & survey platform. Asthis is
& piatform from the US, thers i risk of personal
dats reach, which could lead to (reputationai]

damiage to partic pants.

‘Dpmtrics nes Dean Bpproved by the TU Daiftsnag
thenefore uu?euwm-.r\-e resumtions. To still
minimize the potertial damage of a Gata bresch, no
directly identifiaoie personal datz will Deasked for in
the men survey Accitianailly, questions regardine
oerzonal dats wil I:Ie made 2z broad as Pusslhle for
menmole, oy asii and income rangs
instend of specific numbers. This way the potential
damage of a data Brench is lessened To minimize the
risk of data breach itseif the guicance from: the TU
Dettft with regand to Qualtrics will be followed, whers
sunvey Bnd snswers will be downioaded from Qualtrics
once sufficiant Cecgie have filed out the suruey, after
'M‘I'd‘th!:rn!'ll!rt cats will be deleted from
Cpmitrics.

To be ainle to give away 8 5ift cand to one o two of the
pearticipant, email addresses will nesd to be collected
Horwever, I‘l\'llrlcrsln nd‘kr:nl;nqtncdlcr_t
el aedreszes and turning #F the regizsration of Io-
msresses stc, thess email sodrasses will not be lnked
'.nsur\.!f!nsm'l'hisal:olill‘i‘uthe camaze of 2
dats breach

14, Will you be offenng any financial, or cthar, remunaration to pertopants,
and might this induce or bias particpation?

Survey: PH—..iI:iPullh of the suraey wil D-e;"-‘!r the
9pRornYy o enter 8 latiery 2 wina Bol.oom gift
woucher. To be abile to do this email addresses of
those people who want to enker the Iottery will need
o hccdlcr.t:ﬂ.'r'smuldmh"sthe risk of ne-

idenkification of particpents and their survey

To minimize the rizsk of re-identfioston, the email
accreszes of participants will not e gathered in the
same survey as the one in which participants have to
answer questions_Instead at the end of this survey,
#there will be a link to another survey nwhich has the

3ol purposs of mathering email sodresses for a lottery

If YES plense compicte Hhe Risk Assessment ond Mitigotion Plan columres be;

Fieass provide
the relewont
reference &

RISK ASSESSMENT —what risks could arise?

Plegse ensure thot you st AL of the octunt risks
thet could patentialy orise - do not simply shote
whether you consider any such risks are importmatt

-TE\TI““ wwehat mitigating steps will you

P:Iens-eemw! that pou summearise what octual
mitigation measures you will fake for soch potential
risk identified — do not simpry stats that pou wille.g.
O Wth

DMP | KF

anowers. Aduitionaily, it could cause 8 bissfor
ProDie Wha BNe MONe rEspansive 1o 8 monetary
Incentive

drmw. By al50 turning on the anomyTrise cats option in
Qurics, IF-zdcresses wil not D2 gathersd meking the
risk of linking the survey answers to the email address
mimimal and therefone making the survey anonymous

By using this method participams will oniy be abie to
J‘art'cipu'..e'nﬂ‘\-e lottery draw at the enc of the surey.

heree:to fill in their email address, this will
mimimize the risk of peopie: doing the survey multiple
Himes as they would either have to put the same email
mcress multiple timas, in wihich case they will b
dismpualified, o putting in acditioral ffort oy meking
more email adresses, which would be disproportions
for the limited chance of reward.

relatied o Meciical questions/ha oY regquire
v of the LMD Dofors contocting tne

HRELC

15 Wiill your research imecive any of the follawing:
*  Medical research and/or dinical trisks
*  Inwasive sampling and/or medicl imaging
*_ Medical and in Vitro Diognostic Medical Devices Reszarch

16. Wil drugs, pliacebos, or cther substances [e.x., drinks, foods, food or drink
norm.iu’rls. cietary suppiements) :\enumrmen:ﬂmtne:r_m'pumnpunu'
[ ¥i5 502 Mere io JELETiNG WHELhET m i wtivics

17. Will Blood or tisswe sEmples be obtained from part 'Dﬂm.s?
IF'yas soo hard o determing wiather medics ethics) gpproval is requinad

18, Dos the study risk cauzing poycholazical stress or anxisty Devond thet
normaily sncourtered by the participants in their it outsice research?

15.Will the stucy involve dscussion of personal sensitve data which could put
participants at increased legal, financial, reputstional, security o other risk™
[e.=., financini date, location date, cabs relating to childnen or other vulnerzble

585 ON% EYOVCaD on the
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If VES picase compicte the Risk Amscsment and Mitigation Flam columis below.

Picass prowide
th relewmnt
reference #

RISK ASSESSMENT — what risks could arise?
Fizgce epsure thot pou Est ALL of the octual risks
it conld potzntialy arise — do not simply state
whether you consider any such risks are important!

MITIGATION FLAN — what mitigating steps will you
mke?
[Plzars Emsune ENOT JOU SUMITRGITES Wit octua)
mitigation measures you will take for coch potential
rigk identified — do not simply state thot Fou wil eg.
o With reguictions.

20. Will the stucy imive disclsing commercally or professionelly sensitive, or
confidential informati = &, resating to cecision-making processes or
business s ich might, for examale, be of interest to competitors|

oME | KCF

21. Has your study been identified oy the TU Delft Privacy Team &s requiring
Data Frocessing Impact Assessment [DFIAJT [T pes pioaso citoch the covicoy

opproval from the F gpplication

2% Doss your resenrch iINVEStRBte LTSS or aneas of confict”
ITyas pieasa confirm Wk has baer i
appropngte &

Deportmant/Foc

23. Doss your research involve observing illagal activities or data processed or
prowited by authorities responsiole for preventing, investizating, detecting or
prosecuting criminal offences

1750 D iBasD Comfinm thot JouT work Aos boar disrsses wi

s i QpEroved by pour Dapa kY.

ne oppropnote

mant/Fo

F- Research Methods

24, Will it be nepeszary for particpants to take part in the study without thair
Incwledee and consent at the time?® e = covert aoseruation of people in non-
blic pimces].

25. Will the stucy involve sctively deceiving the particioants? |For exampie,
will parficipants be deliberately falselyinformed, will information be withheid
from them or will they De misied in such 8 wary that they are likely to object or
shinw uneass whin debrisfed about the stucy].

26. |5 pain or more than mild disoomort Skefy to result from the study? Andfor
Could your research sctivity cause an acrident imolvine (non-] perticpants?

Z7. Will the experiment invoive the use of devices that are not 'CE° centiffed?
Only. if Yas*" continue with the following questions:

®  Wmsihe gevice builtin-house?

- ‘Wins itinspected by & safety expert ot TU Deft”
ITjs, pionse rovice 0 Signed gevice naport

= Ifitwas not Suik in-house and not CE-cartified, was it inspected by
some other, qualified suthority in safety and spproved?
If'yas. piegss srovide necords of tha insoection

28. Will wour reseandh imvolve face-o-fnos encounters with ywour participants
and if 50 how will you assess and addness Cowid oonsidermtions?

I YES pleqse compiets the Risk ASSESsment ond Mitigution Fign columrs beiow.

P provide
the nelewont
reference &

RISK ASSESSMENT —what rizks could srise?
\Pizgse emsure thot you Est ALL of the GCtul risks

MITIGATION PLAN — wihat mitigating st=ps will you
tmke?

et could p v arise — do not simply
WhEETEr Jou CONSider any such risks are impartant!

that you wihat octual
mitigation measures you wil take for soch potential
rigk identified —do not simpiy stote thot you wiN e.g.

P [ icF

25, Will your research imvolve either:
a] “biz caka”, combined detacets, rew dete-gathering or new deta-merging
‘tachniques wiich mizht lead to re-icantification of your participants and/or
b artificial intetligznce or algorithm training where, for exampie binsed
detnsets could lesd to biased oubcomes?

The research combines different catasets, one
ariginted from mepping transport netwarks and
DaNts of interest in Aotterdam and other from
Surveys’ responses. There is o risk that people in be
re-idendified.

In additian this stucy appiies duster analysis
fechnigues to identify chusters in the cata. There is o
Fizk that the dete from surveys is not reorassnestive,
ssaing o hiszed outzomes

ncividual cata will nt be publisher, only results from
2ggregated data and statistical analysis. Insddition, the
data will be privatein TU Desft repository, availabie
oniy for the author, collaborator and supervisors.

T meoict binzec darts, the surveys will be applied to
peopie from different natworks and aiso they will be
acwertised in seweral estabiishments and public spaces,
increasing merticipants diversity.

G: Dta Frocessing snd Frivacy

30.Will the rezesrch imecive collerting, Crocessng Bna/or staring sny drecty
identifiabie FIl |Personally Identifiante Information] incuding name or email
Bcidness that will be used for administrative purposes onty™ [ex;: obtaining
Informed Cansent or disbursing remuneration]

Email aidreszas of partidpants who want to
participete In the Iotbeny draw will De grthered,

"wihich can cause a risk of re-icentification.

iy the emsil 2ddreses of thoze wanting o }
participate in the iottery draw will be putharsd To stil
mRkE the answers anomymous, el adoresses will be
gAtherediin & separate survey, towhich o linkis pested
onthe final page of the first survey. This way the email
adoresses will not e linked to sunvey Bnswers
Additionaily, emeil agdresses will be celeted
immediate y after the 5t card winners have been
selected

31. Will the resesrchinvolve collecting, processing and,or storing any directty
or ingirectly identifisnle FIRD [Personally identifiable Aeseanch Data) including
wigeos, pictures, P aoidress, mencer, sze £tc and what other Personal Ressarch
Data [irciuding perzonal or profeszional siews] will you be collecting?

In the survey dats will be collected on participant's
fgender, age rangy. income range, ighest finished
axiucation |Evad, whathar they Sre living tapsther
with & partrer and whether they have chilcren [adult
‘or mircr) and adcitionally, they will D2 asked for
their pastal code. Additiomally, pe ople will be adked
aboart their perception of the transport system and
s msityit s for them ta live n sstisfactony fite
nsing this transport system. The combination of
pastal code and certain socio-Gemagmphic
icharacteristics, mesns there iz a rise of re-
igentification of partidpants, which could mean that
participants’ answers can be linksd back tothem.
Thizin turn could cause reputstional) damage to

participans.

‘The risk of re-idantifi cation will be minimized as much
25 possible by keeping questions a5 broad as passinie,
wihile 251l g useful for the ressarch. By asking for
anage range and income range the risk of re-
igentification is less than when one would ask for
predze age or income. Adcitionally, it is only eked
whether paopie have children and whether those
hildiren, are s4ill minors, not their evact agas By
keeping anowers brmea. the risk of re-isentificstionis
thus minimized as much 2z passise. However, bemuse
of the guastion sbout J!ﬂpl!'} postal codes itis
diffinult to compietely rule out the potential for re-
identification and it is therefore especialiy important to
keep the cata private. Therefore, only aggregated data
‘will b2 published. The specific survey answers will e
safely stoned in TU Deift OreDrive wihere it is only
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I YES piease compicte ihe Risk Assessment ond Mitigobon Plon colums beiow.

Fiease provide
the relewont
reference &

[RISK ASSESSMENT — winat risks could arissT

Plese srsure that pou st ALL of the actuni risks
et could potentialy orise - do notsimply stohe
Wihether you consider any suclh risks are importont!

MAITIGATION FLAN —what mitigating steps will you
take?

Plngse erpsure that you summorniss wiad echue)
FQalicn MSQSUEs you Wil take for soch podential
rik iden tified — do not simpiy stabe that pou witle.g.
comply with reguictions.

KF

@vailabie to the author, oollaborator and superisors.
By Nt shaving the cata, the risk of re-idenification is
shus further minimized. Lastty, no especially sansitive
iata like rape or sexual oientation will beasked for,
minimizing the damage of potential re-icentification.

32. Will thiz resesrch invcive collscting data from the internat, socal media
and/or publicly available catasets which have been criginally contriuted by

hurran participants

33. Will yeaur research fingings be publishad in one or mors forms in the pusiic
domain, &5 &f., Masters thesis, journal publicytion, confierence presentation or
widier public dissemination

Thee research findings will be pubiizhed 8z part of 8
Master's thesis. This could mesn that respondents
«could e identified based on findings. This could
CBUSE PUPIVET DrOBIEMS fOr MESpORGENtS SLCh 22
reputational issues.

Perzonal information will not be: pubiishes in the
master thesiz, and resufts will only be shown in an
agzresmted wary. This, the eusct parsonal survey
anzwers will ot be pubiishedin sny wey. Furtharmare,
‘mail acdraszes gathered for the survey lottery drew
will alzo not he pubiished in any wey and be deletes
‘once the winnenjs] of the gift carcs have been selectee,
ana miorecer, the email accresses cannot be linked to
the survey answers of a respondent

34, Will your resessch data de archived for re-Us2 and/or taching in an open,
private or semi-open archive?

H: More on Informed Consent and Data Management

NOTE: You con find guidance end tempiates for preparing yowr Informed Consent materiais) here

Your research involves human participants as Research Subjects if you are recruiting them or actively
invalving or influendng, manipulating or directing them in any way in your research activities. This means
you must seek informed consent and agree/ implement appropriate safeguards regardless of whether you

are collecting any PIRD.

Where you are alse collecting PIRD, and using Informed Consent as the legal basis for your research, you
need to also make sure that your |C materials are dear on any related risks and the mitigating measures you
will take — including through responsible data management.

Got a comment on this checkfist or the HREC process? You can leave your comments fere

V.  Signature/fs

Please note that by signing this checklist list as the sole, or Responsible, researcher you are
providing approval of the completeness and quality of the submission, as well as confirming
alignment between GDPR, Doto Manaogement and Informed Consent requirements.

Date: 29,/03/2023

Luisa de La Vega Bayma de Oliveira
Signature of Corresponding Researcher:

Mame of Corresponding Researcher (if different from the Responsible Researcher) [print)

P ﬁ;u?..a?@.

Juliana Gongalves

Mame of Responsible Researcher [print)

Signature (or upload consent by mail) Responsible Researcher:

Date: %M faﬂc@ﬁ}u

V. Completing your HREC application

Please use the following list to check that you have provided all relevant documentation

Required:

o Ahsays: This completed HREC checklist

o Always: A data management plan (reviewed, where necessary, by a data-steward)

o Usually: A complate Informed Consent form (induding Participant Information) and/or
Opening Statement [for online consent)
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Please also attach any of the following, if relevant to your research:

Document or

Contact/s

Full Research Ethics Application

After the asseszment of your initizl application HREC will let you
know if and when you need to submit additional information

Signed, valid Device Report

Your Feoulty HSE advisor

Ethics approval from an external Medical
Committee

TU Delft Policy Advisor, Medical {Devices) Research

Ethics approwal from an external Research
Ethics Committee

Please append, if possible, with your submission

LApproved Dista Transfer or Data Processing
Arreement

four Eaquity Dt Stewward and for TU Detf Privecy Team

Approved Graduation Agresment

‘four Master's thesis supervisor

Datz Processing Impact Acsessment [DPA)

TU Delft Privacy Team

Oxher specific requirement

Please reference/explain in your chiecklist and sppend with your
submizsion
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Appendix B.4
Ethics Application Form Approval

Lab Servant <servant_noreply@tudelft.nl>  Replyall | v
Fri 07/04, 16:24
Luisa de La Vega Bayma de Oliveira; Trivik Verma ¥

From: HREC
Date: 31-Mar-2023

Dear Luisa De La Vega Bayma De Oliveira,
Your application titled: Gender and Accessibility is Approved.

Please click here to view the approval letter and the details of your
application (after log-on to the Lab Servant).

141



Appendix B. 5

Strategies to identify Bots’ responses

The survey was launched on 25th April 2023 at 10 am. The first potential bot answer
started at 7 pm on the same day. The identification of the suspicious activity, however,
was made at 10 am of the following day. Since then, several strategies have been
implemented based on previous literature to detect the presence of bot answers:

o Inclusion of attention check questions (Storozuk et al., 2020)
The questionnaire included the question, "This is a brief attention check; please answer
'strongly disagree' to this question instead of other answers like 'agree.™ In addition, the
question "Are you 18 or above (years old)?" was included as a double filter. Participants
younger than 18 years old were forward to end the survey. This research did not
consider the participants who failed at least one of the two attention check questions.

e Monitoring time of survey completion (Storozuk et al., 2020)
A red flag was raised for the answers received in the middle of the night (from 12 am to
6 am). The authors considered that a human's chances of answering the questionnaire at
night are considerably lower.

e Monitoring speed of survey completion (Storozuk et al., 2020)
The average time to complete the survey, according to Qualtrics calculation, is 10
minutes. Based on a survey trial with a close network, the survey duration varies from 5
min to 15 min. Thus, answers with a duration time of 4 minutes or less were dropped
out.

e Embedding a CAPTCHA into the survey (Storozuk et al., 2020)

Qualtrics Platform provides a Captcha embedding option into the survey. This research
arbitrarily dropped answers with Captcha Results lower than 0.7.

e Avoid financial compensation (Hallberg, 2022)
The lottery prize was canceled, the current survey was paused, and a new version was
created. In this way, participants that tried the old link would need help to complete the
survey.

o Add repeat questions for consistency.

The question "In what Dutch province do you live?" was added to be later compared to
the postal code filled in by the participant. In addition, postal codes that presented the
correct Dutch format but did not exist in The Netherlands were considered invalid, and
inconsistent answers were dropped out.

e Provide Personal Survey Links (Storozuk et al., 2020)

Qualtrics Software enables the creation of different links according to the channel used
to distribute the survey. Thus, this research considers using a social media link to be
distributed among social media channels and an anonymous link to be shared with a
closed network. Moreover, a QR Code option was included in the flyers. Hence,
monitoring each communication channel the answers came from became easy.
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e Language criteria

As mentioned previously, the potential bot answers present an American Postal Code.
Hence, all responses in English that started since the first likely bot at 7 pm, until the
following day, in English were dropped out.

¢ Manual Check

The authors manually checked for other inconsistencies. For instance, participants who
answered car as the primary transport mode and said they did not have access to a car in
another question were dropped out.

This experience confirms that bots can learn and adapt fast (e.g., accurate answers to
attention check questions, slower completion speeds), which makes it harder to spot
these fraudulent responses. They improve their skills in mimicking human replies the
longer they can access a poll (Storozuk et al., 2020). Thus, the answers from the first
questionnaire version were considered valid only if they passed all the above-mentioned
criteria. From 1099 answers, only 147 were deemed correct. The later version without
the lottery prize received no suspicious bot activity.
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Appendix C
Chi-Square Degrees of Freedom

df 0995 099 0975 095 090 0.10 005 0.025 0.01 0.005
1 --- --- 0.001 0.004 0.016 2.706 3.841 5.024 6.635 7.879
2 0.010 0.020 0.051 0.103 0.211 4.605 5.991 7.378 9.210 10.597
3 0.072 0.115 0.216 0.352 0.584 6.251 7.815 9.348 11.345 12.838
4 0.207 0.297 0.484 0.711 1.064 7.779 9.488 11.143 13.277 14.860
5 0.412 0.554 0.831 1.145 1.610 9.236 11.070 12.833 15.086 16.750
6 0.676 0.872 1.237 1.635 2.204 10.645 12.592 14.449 16.812 18.548
7 0.989 1.239 1.690 2.167 2.833 12.017 14.067 16.013 18.475 20.278
8 1344 1.646 2.180 2.733 3.490 13.362 15.507 17.535 20.090 21.955
9 1.735 2.088 2.700 3.325 4.168 14.684 16.919 19.023 21.666 23.589
10 2.156 2.558 3.247 3.940 4.865 15.987 18.307 20.483 23.209 25.188
11 2.603 3.053 3.816 4.575 5.578 17.275 19.675 21.920 24.725 26.757
12 3.074 3.571 4.404 5.226 6.304 18.549 21.026 23.337 26.217 28.300
13 3.565 4.107 5.009 5.892 7.042 19.812 22.362 24.736 27.688 29.819
14 4.075 4.660 5.629 6.571 7.790 21.064 23.685 26.119 29.141 31.319
15 4.601 5.229 6.262 7.261 8.547 22.307 24.996 27.488 30.578 32.801
16 5.142 5.812 6.908 7.962 9.312 23.542 26.296 28.845 32.000 34.267
17 5.697 6.408 7.564 8.672 10.085 24.769 27.587 30.191 33.409 35.718
18 6.265 7.015 8.231 9.390 10.865 25.989 28.869 31.526 34.805 37.156
19 6.844 7.633 8.907 10.117 11.651 27.204 30.144 32.852 36.191 38.582
20 7.434 8.260 9.591 10.851 12.443 28.412 31.410 34.170 37.566 39.997
21 8.034 8.897 10.283 11.591 13.240 29.615 32.671 35.479 38.932 41.401
22 8.643 9.542 10.982 12.338 14.041 30.813 33.924 36.781 40.289 42.796
23 9.260 10.196 11.689 13.091 14.848 32.007 35.172 38.076 41.638 44.181
24 9.886 10.856 12.401 13.848 15.659 33.196 36.415 39.364 42.980 45.559
25 10.520 11.524 13.120 14.611 16.473 34.382 37.652 40.646 44.314 46.928
26 11.160 12.198 13.844 15.379 17.292 35.563 38.885 41.923 45.642 48.290
27 11.808 12.879 14.573 16.151 18.114 36.741 40.113 43.195 46.963 49.645
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28

29

30

40

50

60

70

80

90

12.461 13.565 15.308 16.928 18.939 37.916 41.337 44.461 48.278 50.993

13.121 14.256 16.047 17.708 19.768 39.087 42.557 45.722 49.588 52.336

13.787 14.953 16.791 18.493 20.599 40.256 43.773 46.979 50.892 53.672

20.707 22.164 24.433 26.509 29.051 51.805 55.758 59.342 63.691 66.766

27.991 29.707 32.357 34.764 37.689 63.167 67.505 71.420 76.154 79.490

35.534 37.485 40.482 43.188 46.459 74.397 79.082 83.298 88.379 91.952

43.275 45.442 48.758 51.739 55.329 85.527 90.531 95.023 100.425 104.215

51.172 53.540 57.153 60.391 64.278 96.578 101.87 106.629112.329 116.321

59.196 61.754 65.647 69.126 73.291 107.565 113.145 118.136 124.116 128.299

100 67.328 70.065 74.222 77.929 82.358 118.498 124.342 129.561 135.807 140.169
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Cost

Appendix D.1
Elbow Method Results

Elbow Method - First Cluster Analysis

1800 @

Cost

1400

1000

2.5 5

7.5
Number of Clusters k

Figure D.1.1: Elbow Method of the 1* Cluster Analysis

Elbow Method - Second Cluster Analysis
2000

1500

1000

25 5

Number of Clusters k

Figure D.1.2: Elbow Method of the 2" Cluster Analysis
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Appendix D.2
Silhouette Method Results

Silhouette score from 2 to 9 clusters for each Cluster Analysis

Analysis Silhouette score

number k=2 K=3 K=4 K=5 K=6 K=7 K=8 K=9
1%t Cluster 0.19 0.34 0.27 0.19 0.12 0.12 0.15 0.11
Analysis

2" Cluster 021 0.37 0.27 0.18 0.16 0.17 0.12 0.12

Analysis
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Appendix E.1
Primarily Features selection per Logistic Regression Analysis

Variables’ 1% Logistic 2"9 Logistic Regression 3" Logistic

type Regression — — Mismatch Regression —
Mismatch Entertainment walking ~ Mismatch Grocery
Entertainment by car stores by car

Individual Gender, Age, Country Gender, Age, Country  Gender, Age, Country

Components of Origin, Income, of Origin, Income, of Origin, Income,
Highest Education Highest Education Highest Education
Level, Children, Level, Children, Partner Level, Children,
Partner presence presence Partner presence

Material Car Access - Car Access

Component

Competence Driver’s License - Driver’s License

Component

Social Social Support - Social Support

resources

Safety Safety perception by  Safety perception Safety perception by

Resources car walking car

Mismatch Entertainment Entertainment activities  Grocery stores by car

type (Target activities by car walking

variable)
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Appendix E.2
Multicollinearity variables analysis for each Regression

Regression
Analysis

Multicollinearity
between variables
(>0.7)

Variables correlation
with the target variable

Variable deleted

Logistic
Regression
nl—
Mismatch
Entertainment
by car

‘No children’ and
‘One child or more
older than 12 years
old’

Value: -0.78

‘No children’: 0.006
‘One child or mode
older than 12 years
old’: -0.04

‘No children’

‘Income: More than
€131.000’ and
‘Origin: Central

‘Income: More than
€131.000:” 0.12
‘Origin: Central

‘Origin: Central
America’

America’ America’: 0.033
Value: 0.70
Logistic ‘No children’ and ‘No children’: 0.007 ‘No children’
Regression ‘One child or more ‘One child or mode
n2 — older than 12 years older than 12 years
Mismatch old’ old’: -0.025
Entertainment Value: -0.79
walking ‘Income: More than ~ ‘Income: More than ‘Income: More than
€131.000” and €131.000°:-0.05 €131.000°
‘Origin: Central ‘Origin: Central
America’ America’: 0.078
Value: 0.70
Logistic ‘No children’ and ‘No children’: 0.22 ‘One child or mode
Regression ‘One child or more ‘One child or mode older than 12 years
n3 — older than 12 years older than 12 years old’
Mismatch old’ old’: -0.12
Grocery Value: -0.78

stores by car

‘Income: More than
€131.000° and
‘Origin: Central
America’

Value: 0.70

‘Income: More than
€131.000’: 0,1
‘Origin: Central
America’; 0,012

‘Origin: Central
America’
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Appendix E.3
ROC Curve and AUC Score for each Regression

Receiver Operating Characteristic (ROC) Curve
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Figure E.3.1: ROC Curve and AUC Score of 1% Logistic Regression Analysis
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Figure E.3.2: ROC Curve and AUC Score of 2™ Logistic Regression Analysis
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True Positive Rate

Figure E.3.3: ROC Curve and AUC Score of 3" Logistic Regression Analysis
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