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Project summary

Background

This thesis studies the theoretical notion of pedestrian route choice. It does
so with the aim of identifying how features in the urban environment a↵ect
route choice for people who walk to or from a heavy rail train station in the
Netherlands. Methodologically, it tests a number of innovations to self-reported
revealed preference pedestrian route choice studies. Under this new approach,
the study is performed in an entirely digital manner - both in terms of data
collection, processing and analysis.

Why is this relevant? Walking can and does fulfil a substantive role in local
transport. This role becomes particularly apparent when considered as access
or egress mode for multimodal trip-chains. A study by Shelat, Huisman, &
van Oort (2018) on travel movements to and from public transport facilities
in the Netherlands finds that the deterrence function for walking dominates all
other modes up to 1 km, and remains the second-most preferred mode (after
cycling) up to 2.3 km. A better understanding of where people are inclined
to walk enables policymakers to better integrate station areas with the wider
urban environment and stimulate healthy mobility behaviour throughout their
cities.

What research gaps does this address? Through a review of a the academic
and grey literature on the way the urban environment a↵ects pedestrian route
choice, two such gaps are identified: first, a lack of studies in Europe, and in the
Netherlands specifically. It is argued that various societal dimensions such as
culture and legal frameworks may cause di↵erences in mobility behaviour. As
such, research performed overseas may not be applicable elsewhere. As such,
local research is required. This thesis performs such research. Second, a focus of
prior studies on small-scale, well demarcated populations and geographies. It is
noted that no studies have sought to study an entire country (even a small one
like the Netherlands) before. As infrastructure is used by a mix of demographic
groups, it is argued that a comprehensive research e↵ort may be of value. This
thesis provides such research.
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Research questions

In order to perform a study which can provide an initial insight to these gaps
in the literature, the following main research question is defined:

”To what extent do features in the urban environment cause pedestrians to
divert their walking routes to or from heavy rail train stations in the

Netherlands?”

This question is operationalised by means of four sub-questions, of which
the last two specify types of results which this thesis seeks to obtain. Both of
which are formulated as null hypotheses: it is expected that, ceteris paribus,
people will take the mathematically optimum route (sub-question three) and do
not base their route choice on features which may or may not be present along
routes (sub-question four).:

1. Whether routes chosen by people di↵er from two null hypothesis routes
in terms of the urban features along which routes lead. Here, the null
hypothesis routes are defined as shortest path or least directional turns
paths, which they would be expected to take according to extant transport
engineering and urbanism research.

2. Whether routes chosen by people more often di↵er from other routes which
they are consciously aware of but take less often in terms of the urban fea-
tures present along such routes. This tests the e↵ect of urban features
specifically with regards to the route choice set which people might con-
sider in practice.

Methodology

Reflecting on the methodologies which have been used by similar studies to
date, this thesis identifies that research e↵orts have so far not used the full
range of possibilities which are o↵ered by digital tools and open geographic
data. This thesis approaches the research gaps identified above by testing an
integrated process consisting of an online GIS-survey and analytical framework
which dynamically matches routes with data from high quality online geographic
data sources. This method is seen as potentially enabling greater scalability and
less on-site manual e↵ort by researchers.

The method can be summarised as follows: an online survey is distributed
in which respondents are asked to provide a collection of three walking routes
which they use to access and/or egress a train station in an online survey.
Subsequently, these ’known routes’ are overlaid with a selection of open geodata
layers on variables which are deemed to be of potential interest in determining
pedestrian route choice. By locating these variables ’on’ a route, it is possible
to score routes in terms of the extent to which they contain certain variables.
Finally, these scores can be used to perform various statistical analysis in order
to generate theoretical insight.
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This thesis re-tests features which have been identified as having a significant
e↵ect in prior studies, so as to see whether the e↵ects on these also hold within
the identified literature gaps. Based on this, six data categories are identified:
Known routes, route choice frequency, urban variables, subjective variables and
interaction e↵ects (respondent background). All data categories with the excep-
tion of urban features, are obtained through an online-distributed survey. Urban
features are obtained from a range of publicly available open data sources, such
as Open StreetMaps and sources managed by the Dutch land planning agency
(Kadaster). All in all, 41 distinct urban variables, 12 subjective variables and
9 interaction e↵ects are selected for analysis.

This data is analysed with the aim of understanding route choice in three
ways:

1. Route geometry analysis: this analysis type compares routes in terms of
their geographic ’shape’. This gives an idea of how far respondents are
willing to go out of their way to experience certain urban features.

2. Route feature aggregate analysis: this analysis compares samples in terms
of the number of features on each route as a whole. For instance the
number of shops along route A are compared to the number of shops
along route B etc.

3. Within-route feature distribution analysis: this analysis seeks to identify
whether the location of features along a route di↵ers from alternative
routes. For this, routes are divided into quadrants, with the feature score
per route per quadrant being compared to some alternative.

Statistical analysis is performed using descriptive statistics. Although it is recog-
nised that modelling approaches generally deliver stronger results, too few re-
sponses were obtained to apply this technique. The inability of the experimen-
tal code applied in this thesis to run tests across large numbers of respondent
routes, as would be required to obtain enough data per respondent. This limita-
tion is counterbalanced in two ways: first, a highly permissive significance level
of ↵ = 0.1 is included to identify variables exhibiting slight e↵ects. Second,
a qualitative ’verification’ is applied to the quantitative results. This qualita-
tive verification consists of asking respondents to provide written motivation for
their route choice, and text-coding these responses to gain insight on features
which respondents consider to be ’attractive’ or ’repelling’.

The study is implemented using an online ArgGIS 123 Survey tool for re-
spondent data collection. For data preparation, processing and analysis a series
of python scripts are developed which draw directly on survey results. For data
processing, four tools are purpose made for this study: first, a map-matching
algorithm, which aligns manually drawn routes with the existing infrastructure
network. This is performed by placing masks around respondent-entered routes
and computing shortest paths within these. Second, a WFS and a WMS down-
loading algorithm, which retrieves urban features data from a series of online
sources. Third, a GeoTIFF downloader and matching algorithm, which down-
loads and matches raster data to route data. Fourth, a data-matching algorithm

iv



TIL5060 - J.K. Krom Pedestrian route choice and the urban environment

is developed which matches urban feature data to each link of each route. With
this data in place, the statistical analysis can be applied.

Results and analysis

Following application, five main findings are identified:

1. Variable coe�cient confirmed: Most variables tested are confirmed. Amongst
others, respondents exhibit a mixed attraction/avoidance of retail/business,
an attraction towards urban green, well-maintained footpaths, tra�c safety,
lighting and obstruction-free footpaths, and finally an avoidance of noise,
darkness and social risks.

2. Variable coe�cients deviated from: This study finds results which contrast
outcomes of prior studies on X variables: tra�c signals (avoided, not
attracted to), other people (attracted to, not avoided quite as distinctly)
and weather protection (not actively sought out).

3. A preference for ’fastest’ routes: Geometric analysis found a great similar-
ity between shortest paths and high-frequency respondent routes. How-
ever, subjective data and qualitative motivations note a distinct appreci-
ation of ’faster’ routes too. When combined with the avoidance of tra�c
signals, it is understood that (perceived) route speed may indeed be an
overarching route choice rationale for pedestrians.

4. Susceptibility to urban features on station-egress legs: analysis shows that
pedestrians exhibit greater deviations from the shortest path when they
egress a station. This e↵ect is characterised in two ways: recreational (e.g.
a higher incidence of shops) and safety (an attraction to e.g. lighting and
routes which are appreciated at night).

5. Concentration of ’green’ the third quadrant: within-route analysis shows
that green values (especially grass) feature at substantially higher con-
centrations between 50% and 75% of route length (in distance from the
station).

Academically, these findings are seen as an initial inroad into research on pedes-
trian route choice in the Netherlands. Further research is advised on the topic,
with an e↵ort to scale up the present study so that more more variables are con-
sidered, variables are included in a more spatially-sensitive manner, and more
advanced tools can be applied.

With regards to the societal value of this study, the findings provide insights
which urban designers and policymakers can take along in their work. Especially
the avoidance of tra�c signals may be of some relevance here.

Methodologically, this thesis may be regarded as a proof of concept of the
digitally integrated process for self-reported revealed preference pedestrian route
choice studies. The method has managed to generate results which are verified
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by qualitative tests. If code is improved and current assumptions are calibrated
further, this may o↵er a promising avenue for future studies to explore.

For further research, it is recommended that this study is replicated with
a larger and more geographically balanced respondent sample so as to enable
analysis based on modelling rather than descriptive statistics. Additionally,
future studies can set out to include include some of the variables which this
study did not get round to. The feature selection process might also be improved
upon, with a bu↵ering approach that is more sensitive to link-level line-of-sight
being a top priority. A final recommendation pertains to within-route analysis,
which appears to be a scantly studied topic overall. This thesis has shed some
initial light on how distributions di↵er from baseline samples. However, a more
rigorous investigation could study distributions which are preferred by people
on their own accord without testing these against baseline samples. As far as
this study can assess based on the literature which it has reviewed, that would
establish an as of yet unstudied subarea of research.
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Chapter 1

Introduction

1.1 Project outline

Despite often being lumped together as ’active modes’, their respective di↵er-
ences in speed, route and movement physics causes cycling and walking to be
treated rather distinctly in both academic research and planning practice. Al-
though long neglected, cycling is now recognised for its ability to autonomously
compete with various motorised modes. As such it is fast maturing in its con-
sideration as a ’serious’ means of local transportation (Ton, 2019). In contrast,
research on pedestrian travel mostly focuses on single-facility flows, crowd be-
haviour and evacuation planning.

This view is however incomplete: walking can and does fulfil a substantive
role in local transport. This role becomes particularly apparent when considered
as access or egress mode for multimodal trip-chains. As with cycling, public
transport expands the range of an individual traveller. In contrast to cycling,
walking does so without the need for the traveller to arrange an additional
vehicle. A study by Shelat et al. (2018) on travel movements to and from
public transport facilities in the Netherlands finds that the deterrence function
for walking dominates all other modes up to 1 km, and remains the second-
most preferred mode (after cycling) up to 2.3 km. When considered in terms of
actual mode shares, it is found that most access trips to bus, tram or metro stops
under 1.5 km, and egress trips from heavy rail stations are made on foot. For
the busiest 30 train stations in the Netherlands, 13-44% (mean 25.3%) of access
trips and 24-80% (mean 52.8%) of egress trips are made on foot (Nederlandse
Spoorwegen, 2020). When considered for societies where cycling is less prevalent
(i.e. most of the world), walking generally takes an even greater share of the
modal split (e.g. Daniels & Mulley (2013)). As the one mode which is available
to a very large part of the entire human species, walking plays an important role
as means of local transport. Through a connection to public transport, walking
also becomes a mode of importance to longer-distance transport.

The figures above belie a marked variation in people’s propensity to walk.
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One notable feature is the low share of walking on public transport access and
comparatively high share upon egress. Public transport scholars have identified
several e↵ects which would explain these discrepancies by looking at character-
istics of public transport services, such as frequency and network density (e.g.
Alshalalfah & Shalaby (2007)). Service design however o↵ers but a partial ex-
planation. When considered based on mode-inherent characteristics, numerous
studies point out that people’s propensity to walk varies with the ’walkability’
of the local environment, the length and approach direction of first/last mile
trip-legs and activity-end vehicle availability (see chapter 2). These points sug-
gest that to come to a walking-sensitive set of transport planning tools attention
must be given to the design of the local urban environment itself.

As an important means of local transport, which through access and egress
mode-chains also impacts upon longer-distance transport, walking is increas-
ingly noticed as mode of importance by practitioners. One topic which is of
particular interest in this vein is the connection of train stations to the wider
urban environment in terms of pedestrian accessibility. As mode which has en-
joyed comparatively little attention in research so far, a need exists for a better
understanding of how pedestrians navigate the urban sphere. Better under-
standing of such navigational behaviour permits for the design of urban areas
that stimulate pedestrian movement: for instance to make it more appealing
for people to walk to the station. In the light of this realisation, this project
sets out to study the e↵ect of the urban environment on peoples’ route choices
during utilitarian walking trips.

This report is structured as follows: first the project’s research questions and
aims are outlined. Second, these aims are contextualised and underpinned by a
structured review of the academic literature. Third, building on the research gap
identified in the literature review, the project’s methodological and analytical
approach is outlined. Fourth, the implementation of this method is presented,
and trade-o↵s therein are discussed. Fifth, the project’s results are presented.
The report finalises with a discussion of the project’s findings.

1.2 Research objective

This thesis performs a study into the routes pedestrians take when they perform
utilitarian walking trips. Recognising the particular role of walking in multi-
modal trip chains, the study focuses on trip-legs which are performed on foot to
and from train stations. Route choice is studied with the intention to identify
how it is influenced by local (neighbourhood or street-level) elements in the ur-
ban environment which are known to stimulate walking. As will be explored to
greater detail in chapter 2, a substantial body of research exists on what types
of urban environments stimulate walking at the local level. However, as found
in section 2.1.3, rather little research appears to have been done on whether
such local ’walkability’ values a↵ect people’s actual inter-local walking routes.
A better understanding of this topic will enable policymakers to better integrate
station areas with the wider urban environment and stimulate healthy mobility
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behaviour throughout their cities. Consequently, this study sets out to answer
the following main research question:

”To what extent do features in the urban environment cause pedestrians to
divert their walking routes to or from heavy rail train stations in the

Netherlands?”

This question implicitly contains a number of definitions and assumptions.
First, the question specifies an e↵ect of ’features’ in the ’urban environment’.
Here, ’features’ are be to understood characteristics of the urban environment.
These can be either physical (trees, buildings) or subjective (a sense of safety, an
aesthetic quality). By extension, in referring to ’urban environment’, this thesis
implies the general publicly accessible space in cities, towns and other built-up
areas. This definition is used because train stations generally serve urban areas
and that these are consequently areas where walking has greater potential as
mode of transport.

Second, although not made explicit to permit for some flexibility, this thesis
primarily sets out to investigate so-called utilitarian walking trips: trips which
people walk to go about their daily chores. This definition is applied because it
envisions walking as a means to an end, rather than an end as of itself (as for
e.g. recreational walking). Utilitarian trips are performed more often and have
a bigger impact on urban infrastructure. Is such trips are better understood,
this knowledge can be used to make urban areas nicer for people to live in.

Figure 1.1: General illustration of the problem which the main research question
seeks to investigate: which of these three routes would people prefer to take while
walking to and from the train station?
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Third, for the context of the study either the origin or the destination of
the pedestrian leg of a multimodal trip must be a Dutch ’heavy’ rail train
station. Note that the question specifies this particular type of train station
so as to di↵erentiate it from ’light’ rail services such as trams or metros. This
specification is made as ’light’ rail services typically provide local transport
services which compete on di↵erent mode choice sets and o↵er higher resolution
networks. As such, these modes di↵erently a↵ect pedestrian behaviour. Note
that, being a small country, Dutch ’heavy rail’ services may cover distances and
speeds which would be performed by lighter trains elsewhere. Operationally,
these services generally provide connections between towns and cities, but might
occasionally also be used for intra-urban transport in major cities with multiple
stations.

Fourth, in specifying a ’diversion’ some other ’non-diverted’ route is pre-
supposed. This is of interest as it implies that there are features in the urban
environment which bring people to take a route that is di↵erent from the pre-
supposed non-diverted one. This principle is illustrated in fig. 1.1. Following the
literature, two perspectives on this matter are taken: on the one hand diversion
compared to the mathematical optima of the shortest path and the least direc-
tional change path, and on the other hand diversions compared to the routes
which people are actually aware of. More on this in section 3.1.1.

The main research question will be answered by dividing it into four sub-
questions. The first sub-question seeks to explore the current extent of knowl-
edge on pedestrian route choice dynamics, and to identify a knowledge gap to
which this project study can contribute. With the knowledge gap established,
the second sub-question requests a the specification of a methodological ap-
proach which can generate results that can be used to answer the main research
question. As the resources available to the study are not unlimited, the question
also prescribes that the approach must be feasible.

Sub-question 1: ”What features have previously been found to a↵ect pedestrian
route choice, in what way and how applicable are these findings to the Dutch

context?”

Sub-question 2: ”What methods and data are can be used to adequately answer
the main research question given the project’s operational constraints?”

With the theory and method set, the third and fourth sub-questions perform
the analysis through which the main research question can be answered. These
questions each work out one of the perspectives on route ’adjustment’ in the
main research question. Sub-question three sets out to learn how routs taken
di↵er from those which are expected according to travel behaviour theory. Sub-
question four investigates route adjustment in the context of those routes which
people are actually aware of.

Sub-question 3: ”To what extent do selected features in the urban environment
correlate with diversions from pedestrians’ shortest routes and least directional

turns routes for trips to and from train stations?”
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Sub-question 4: ”To what extent do selected features in the urban environment
correlate with di↵erences between the various routes which pedestrians’

consider for their routes for trips to and from train stations?”

(a) The research sub-question 3 (b) The research sub-question 4

Figure 1.2: Illustrated definitions of the adjustment concept under investigation
in either sub-question. The dotted lines illustrate the behavioural element of
interest.

Note that the questions request the study of ’selected’ features. This is
necessary as it is practically impossible to study the full breath of all possible
dimensions of the urban environment which a pedestrian is both consciously and
unconsciously subjected to. For this thesis, selection will encompass a triple aim:
to bolster scientific evidence on the (un)importance of features which only a few
similar studies have so far found significant e↵ects for, to test whether significant
e↵ects found on certain features in overseas studies hold in the Dutch context,
and to identify new features of importance. This selection procedure is detailed
in section 3.2.1.

Note that several assumptions are inherent to the research questions. Two
points which are important to keep in mind here. First, this study is performed
as master thesis work at an engineering college. This biases the tools and
theoretical frameworks by which the research questions are addressed towards
those which are quantitative rather than qualitative in nature. A similar study
rooted in e.g. the humanities or social sciences at a more traditional university
might opt for a fundamentally di↵erent approach. Second, the study takes place
in the field of transportation sciences. It will focus on one part of the assignment
phase of the classical four-step transport model. It is assumed that travellers
have already decided to perform a multimodel trip including train travel and
have determined at which station they will (dis)embark. It is moreover assumed
that people have decided to access or egress the full distance to their station on
foot.
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Chapter 2

Theoretical background

This chapter presents a review of the academic and ’gray’ literatures on the topic
of pedestrian route choice. The aim of this chapter is to give all subsequent work
a solid footing on the current state of knowledge in this area of research. The
chapter is divided in two parts. In the first part an overarching literature review
is given. In the second part, the findings from the review are reflected upon and
a theoretical framework for this thesis is drawn up.

2.1 Literature review

As posited in research sub-question one, the project commences with a litera-
ture review aimed at identifying a knowledge gap. Bryman (2016) describes the
potential purposes of a literature study as, amongst others, to identify current
knowledge about an area of study and to develop relevant concepts and theories
as well as to understand significant controversies within it. It also serves to
identify unanswered research questions. Consequently, this paper follows a sys-
tematic review methodology, which is described as a four-step process: first, to
define the purpose and scope of the review; second, to seek out relevant studies;
third, to narrow down the literature list to meet the conditions stipulated under
step one; and fourth, to analyse and synthesise the results.

2.1.1 Literature collection procedure

Purpose and scope

The purpose of this literature review is to answer sub-question one: to under-
stand the current state of the art on the area of pedestrian route choice for trips
to and from heavy rail train stations, and to identify knowledge gaps within this
body of knowledge. For the purposes of this review, route choice is approached
from the perspective of urban planning. This means that a particular focus will
be taken to studies on the interaction between identifiable features of city and
pedestrian flows.
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Table 2.1: Conceptual and methodological framework for literature review

Concepts Pedestrian mode; route choice; infrastructure design
Keywords Pedestrian: Walking, pedestrian, on foot

Route choice: Choice set, utility maximisation
Infrastructure design: Built environment, urban planning,

urban areas
Truncation (Pedestrian) AND (Route choice) OR

(Pedestrian) AND (Infrastructure design) OR
(Pedestrian) AND (Route choice) AND (Infrastructure design)

Relevant studies and conditionality

Works of literature are only included if they meet the following three require-
ments: first the topic meets the general concept structure outlined in table 2.1;
second, the work is published as a doctoral dissertation or as an article in an
academic (peer-reviewed) journal; third, the work is published recently (after
the 1st of January 2010) or alternatively represents a seminal contribution that
continues to be cited positively by recent publications.

Literature search

Literature is identified by application of a four-step search process. All sources
are obtained through the Google Scholar search engine: First, TU Delft course
literature is reviewed for potentially applicable readings. For this, the follow-
ing courses were reviewed: CIE5825 Advanced Public Transport Operations
and Modelling, CIE5802-18 Advanced Transport Modelling and CIE5822 Ac-
tive Modes. This search delivered six papers of potential relevance. Second, to
converge the literature selection towards the state of the art, a search is per-
formed for papers which cite the articles selected for further review under step
two. For this the ”citation”-function in Google Scholar is used. Articles which
are deemed to o↵er a contribution which is in line with table 2.1 were added to
the literature selection. This step adds 21 papers of potential relevance to the
selection.

Third, to extend the review beyond chains of citations, the most relevant
papers found in step two are reviewed for the journals in which they were pub-
lished. The past two years-worth of issues from these journals are subsequently
reviewed for contribution which are in line with table 2.1. Fourth, filtering. If
the reading under step three leads to the discovery of particularly relevant ad-
ditional sources, these are added to the literature selection. If such new sources
are ’more’ relevant that those currently selected, the less-relevant papers are
discarded. New papers are again given a ’light’ read. This process is performed
iteratively, until no more new sources appear to come forward. Upon concluding
this procedure, a set of 16 papers remained in the basic literature selection. To
this selection were added three doctoral dissertations which were recommended
by this project’s supervisors, and a few which were sought to complement other
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specific gaps which were identified later on (e.g. practitioner-related sources).

2.1.2 Theoretical background

When studying human interaction with the urban environment, the field of hu-
man geography provides a insight. Here, a tradition of research exists on the
study of human cognition in relation to their geographic surroundings: how peo-
ple make sense of the place they’re in and act accordingly. Such processes lie as
theoretical foundation for the notion that pedestrian route choice is a↵ected by
the urban environment. As described by e.g. Knox, Marston, & Imort (2007),
the real world emits environmental messages which are perceived by the human
senses, brain and personality. Cognition emerges as the interpretation of these
signals. This process is noted to be a↵ected by culture. Knox et al. note that
research has found five ’elements’ into which human beings cognitively organise
space. First, paths, representing challenges along which movement is possi-
ble. Second, edges, which represent barriers separating areas. Third, districts,
spatial areas with an identifiable character (either physical or social). Fourth,
nodes, which are distinct geographical points upon which human attention fo-
cuses - often in relation to travel behaviour. And fifth, Landmarks, representing
exceptional nodes which function as spatial reference points in human behaviour.

The early history of pedestrian routing research can be traced as far back as
1978. In that year Brändli, Siegrist, Altherr, & Enz identified that pedestrians’
willingness to walk to a bus stop varies per bus stop ’access zone’. Here zones
are defined as the direction of the bus relative to the pedestrians’ own position:
people are willing to walk further if this matches the direction in which the
vehicle is travelling. This research is complemented by early studies by e.g.
Peperna (1982) and Lam & Morrall (1982) who try to assess people’s willingness
to walk based on features of the public transport service and land use patterns.
As noted by Hillnhütter (2016) however, these (and other) historical sources are
however limited due to their focus on the population density around stops as
well as the methodology to determine walking distances.

In review of the literature, three ’phases’ in pedestrian navigation research
can be distinguished. These will be discussed over the following paragraphs.

The first phase pedestrian research emerged in relation to the concept of
neighbourhood ’walkability’. This literature emerged driven by public health
concerns during the first decade of the 2000’s. This period witnessed renewed at-
tention for the relationship between the built environment and people’s propen-
sity to engage in physical activities such as walking. In a literature review Lee &
Moudon (2004) conclude that ”[w]alking and biking emerge as prominent forms
of physical activity and occur primarily in neighbourhood streets and public fa-
cilities, suggesting that building walkable and bikable communities can address
health as well as transportation concerns” (p. 147). This conclusion is worked
out in a widely-cited review by Ewing & Cervero (2010) who find that the rela-
tionship between travel and singular environmental features is mostly inelastic,
but that multiple features combined could have a distinct e↵ect. Overall these
studies support the idea that the built environment can be used to stimulate
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walking behaviour. Together, these studies develop the concept of ’walkability’,
which represents the extent to which a single area (often a street or a neighbour-
hood) stimulates walking. Environmental features are often framed in terms of
aggregated land use variables. Although walkability research has been ongoing
for some time, major work is still being performed in this area, as exemplified
by the province-wide walkablity review by Goossen, Rip, Staritsky, & Thomas
(2021).

The notion of walkability is a key term in the development of pedestrian
research and continues to guide thinking until today. Kim, Park, & Jang (2019)
notes that much research until now has been based on the idea what walkability
is determined by ”5 D’s” as posited by Cervero, Sarmiento, Jacoby, Gomez,
& Neiman (2009): density, diversity, design, distance to public transport and
destination accessibility. Other studies (e.g. Knapskog, Hagen, Tennøy, & Ryn-
ning (2019)) take a less stylised approach, but list related features such as
infrastructure, urban structure, surroundings and potential activities. A com-
prehensive review by Sugiyama, Neuhaus, Cole, Giles-Corti, & Owen (2012)
focusing on the impact of ’destination’ and ’route’ elements (note that this
source understands ’destination’ and ’route’ as isolated features of a local envi-
ronment, rather than as descriptors for a coherent geographical path connecting
some origin-destination (OD) pair) finds that ’utilitarian’ walking - which can
be understood as including pedestrian movements to access and egress public
transport stops - is consistently associated with the vicinity of shops as well
as the presence of sidewalks and general street connectivity. Finally, various
authors (e.g. Lee & Moudon (2004)) find that people’s propensity to walk due
to the surroundings varies across sub-groups in the population.

The walkability concept reached beyond the academic sphere. A review
of practitioner-related sources shows that the notion of ’walkability’ has been
taken up by a variety of companies and policy institutions. A range of US-based
sources refer to the company ’WalkScore’ (Walk Score (2021)) which maintains
a proprietary definition for walkability. The Healthy Streets project (Healthy
Streets Ltd. (2021)), which is referred to by several UK authorities and Dutch
researchers (e.g. Ruimte voor lopen (2021)) outlines a set of ten quantitative
and qualitative principles which integrate walking in the urban environment.
These principles include e.g. ’everyone feels welcome’, ’shade and shelter’ and
’clean air’. As part of its ongoing open data initiative, the Municipality of Am-
sterdam publishes data sets on the ’walkability’ based on crowdedness, sidewalk
width and street-side obstacles City of Amsterdam (2021). As such it must
be concluded that no single definition of ’walkabilty’ appears to exist in either
academic literature or practice.

The second phase of pedestrian research emerged around 2010 with the
application of mathematically-defined route-finding models. With increasing
availability of data, academic attention shifted from the study of aggregated
’walkability’-related notions to actual routes taken by pedestrians. Route choice
is highly contingent on travellers’ subjective perceptions, as found by e.g. Hess
(2012) and Vreeswijk, Thomas, Van Berkum, & Van Arem (2014). When con-
sidering predominant principles in route choice, Shatu, Yigitcanlar, & Bunker
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(2019) identify a tension between geographical and topological schools of thought.
Here, the former is rooted in transport engineering approaches which seek to
determine route choice in terms of shortest path definitions. Deviations from
the shortest path are explained in terms of ’detour factors’. As recently con-
firmed by Bongiorno et al., pedestrian tend to take di↵erent routes when the
origin and destination of a trip are reversed. Conversely, academic urbanists,
drawing on the spatial syntax tradition posit the principle of least directional
change as key determinant for route choice. In their study, Shatu et al. (2019)
seek to compare both methods and find that taken together shortest path and
least directional change determine approximately 53% of pedestrian route choice
decisions. This implies that a remaining 47% of pedestrian route choice moti-
vations are driven by other factors. Moreover, considerable variation in these
figures may be assumed across populations and places.

The third phase of pedestrian navigation research appears to be underway
today. This phase can be characterised as a merger of the ’walkability’ approach
and the more mathematically-driven route determination approaches: it seeks
to consider full route-length route patterns as these are a↵ected by the urban
environment. In the wake of recent research on cycling route choice factors (e.g.
Ton (2019)), an increasing number of researchers have started looking at the
way in which also pedestrian route choice is guided by local-level environmen-
tal features. In an early contribution, Rodŕıguez et al. (2015) added to this
literature though a GPS-based revealed preference study of adolescent girls in
the US. This study determined route choice on the built environmental features
of aesthetics, destinations, functionality and safety. The authors find that, in
addition to shortest paths, the presence of green trails, secure conditions, side-
walks and ease of destination access were the strongest determinants for route
choice. Building on the relatively novel idea to study routes (i.e. geographically
distinct path), the authors suggest that smart use of these features in urban
design might incentivise people to walk longer distances. This study of a single
demographic is expanded to consider a more heterogeneous demographic by Liu,
Yang, Timmermans, & de Vries (2020). At the core of this study stands a series
of surveys and structured interviews in which the researchers asked pedestrians
who egress from metro stations to draw their walking routes on maps. The
authors find that pedestrians prefer routes which have a fence separating them
from a road, as well as those featuring a lower floor-area-ratio. Using latent
class analysis, the authors identify two preference sets, demarcated by whether
people work in an area: people who work in an area prefer shorter routes, nar-
rower roads and sidewalks, fewer tra�c lights and less urban green. The other
class, of non-local working people attach higher utilities to longer routes higher
building plot coverage and road widths.

To conclude the review, it is important to consider work on the relationship
between walking navigation and public transport. This is needed, as this thesis
investigates walking routes to and from train stations. With their study Liu
et al. (2020) bring together the notion of utilitarian walking, route selection
features and trips to public transport stations. As the work by Brändli et al. on
bus stop access zones suggests, there is considerable nuance on routes through
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which public transport facilities are accessed. Additionally, as hypothesised by
Brand, Hoogendoorn, van Oort, & Schalkwijk (2017) people’s mode choice de-
pends on whether they access or egress to/from a stop and whether the stop is
at the traveller’s home-end or activity-end. The authors find that such di↵er-
ence is reflected in a willingness to accept comparatively long access distances, a
prevalence of relatively short egress distances (to which walking is suited), exac-
erbated by the unavailability of other modes upon egress at the activity-side of
a public transport trip. In a study on walking speeds, Hillnhütter (2016) finds
that pedestrians approaching bus stops tend to walk at notably higher speeds
and only adjust their speed when they can clearly see that they will be able to
catch their connection. According to the author this suggests that pedestrians
adjust their walking speeds to time pressure. Pedestrians who egress bus stops
do so at a more varied range of paces, reflecting their ’natural’ walking speed.
This element of time pressure a↵ecting pedestrian walking speed corresponds
with the first category identified by Liu et al. (2020): people heading to work
appear to prefer routes which are more direct and feature less risk of delays.
Combined, these studies suggest that pedestrians may have di↵erent route pref-
erences based on whether they access or egress a public transport stop. By
extension, it may be hypothesised that these e↵ects are more pronounced in the
case of stops where it is generally harder for pedestrians to assess whether they
will be able to catch their ride by looking down the line, as would be the case
for heavy rail train stations.

2.1.3 Prior research on pedestrian route choice

The preceding section presents the development of research on pedestrian route
choice as a whole. As laid out in chapter 1, this thesis sets out to study the
sub-topic of the e↵ect of features of the urban environment on pedestrian route
choice. Before proceeding to conduct this study, the literature is reviewed to
identify what features previous studies have investigated and what e↵ects they
have(n’t) found that these features have on pedestrian route choice. These
factors provide an important input for feature selection of this study. Sources
were collected using the same methodology described in section 2.1.1, but with
a more specific filtering process. This method resulted in 16 sources which had
conducted studies which are largely comparable to this thesis.

With regards to results, the e↵ects which these studies identified as having
a significant (or otherwise notable, depending on their methodology) e↵ect on
route choice are listed in chapter A. Half the papers identified a notable e↵ect for
features such as public green, the presence of retail businesses, the presence of
tra�c devices or crossing aids, sidewalk condition and sidewalk width. A slightly
lesser number of studies also identify particular e↵ects of stairs and slopes, as
well as role of a range of subjective dimensions such as the sense of security
from non-tra�c factors (e.g. crime and harassment). Although these features
are recurring, this is in part symptomatic of whether studies have included them
in the first place. It must also be noted that, despite studying urban features,
the route characteristic which is most often found to have a notable e↵ect is
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related to route geometry: route length (found by 8 out of 16 papers).
With regards to method, the studies considered here are based on a range

of di↵erent methodological approaches. This leads to di↵erent ranges and defi-
nitions of the features considered. Qualitative studies such as Brown, Werner,
Amburgey, & Szalay (2007) and Ferrer, Ruiz, & Mars (2015), which asked re-
spondents to state those features which they found to be relevant o↵er a wider
understanding of features of potential interest. To confirm whether these fea-
tures indeed have an e↵ect, or are merely perceived as such by respondents,
quantitative studies such as those by Liu et al. (2020) or Rodŕıguez et al. (2015)
o↵er further clarification. For quantitiative studies, route choice data is col-
lected by various means. Examples are GPS tracking (e.g. Rodŕıguez et al.
(2015) or Lue & Miller (2019)), self-reported travel dairies (Liu et al. (2020)
or Borst et al. (2009)), or pen-and-paper surveying at target public transport
stops (Guo (2009) or Liu et al. (2020)). Analytically, quantitative studies have,
if possible, applied discrete choice models such as multinomial or mixed logit
(Liu et al. or Muraleetharan & Hagiwara, Broach & Dill (2016)). Although the
work by Brändli et al. on access zones, or Bongiorno et al. on di↵ering route
choice per travel direction would suggest that the sequence by which urban fea-
tures are experienced matters, none of the 16 studies seem to have considered
this dimension.

With regards to coverage, the sources which are taken along in the present
study clearly show that gaps continue to exist in the coverage of pedestrian route
choice studies. In geographical terms, seven of the studies are conducted in the
United States, two in Canada and two in Japan. Of the remaining studies,
only two are conducted in Europe, of which one in the Netherlands. Here,
it must be recognised that the central premise of these studies is that travel
behaviour is a↵ected by urban environments and that the form and shape of
urban areas vary considerably between jurisdictions. Due do limitations on data
collection, almost all studies have taken stake with highly specific population
samples: school classes (Rodŕıguez et al. (2015)), specific metro station (Liu et
al. (2020)). No studies have exceeded the city level (Guo (2009)), with studies
at that level generally basic themselves on large data sets obtained from public
transport operators.

Several dimensions may however be expected to di↵er between regions in
terms of pedestrian travel behaviour. Amongst others the availability of rele-
vant destinations which might be accessed on foot could di↵er depending on the
urban planning of a city. Similarly, the availability of competing modes could
have e↵ects - for instance the prevalence of high quality bike infrastructure in the
Netherlands may cause people to shift to their bike sooner than other societies
would. Cultural or legal dimensions could also a↵ect results: amongst others
walking might be considered to be reflective of socio-economic class di↵erences
(’not being able to a↵ord some other mode’) or the more assertive imposition of
fines for ’jaywalking’. As such, it would not be unreasonable to expect that the
relative wealth of North American studies may be less relevant for the Dutch,
or even European, context. A similar fragmentation may be identified in demo-
graphic terms. Although about half the studies were non-specific towards any
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particular demographic, the other half were. For instance, the work by Borst et
al. (2009), who performed a local study in Schiedam in the Netherlands, focused
exclusively on independently-living elderly people. Other foci include students
(e.g. Brown et al. (2007)) or school children (Rodŕıguez et al. (2015)).

Grey literature

The preceding sections have reviewed the academic literature on pedestrian
route choice. As peer-reviewed research, this is deemed to be methodologically
rigorous. However, practitioners in urban design have over the years also built
up sets of design tools and operational assumptions on how how pedestrians
navigate the urban environment. For the present study, two sources are consid-
ered. Note however that these sources are not explicitly based on peer-reviewed
research and are based on standards which deviate from those of academia.

First, ’Loopmonitor’-variables. In-house research performed by engineers at
Witteveen+Bos in their work of drawing up a pedestrian flow density prediction
model called the ”Loopmonitor”. This source is included as the present thesis is
written in order to further calibrate this model. For the Loopmonitor a range of
pedestrian counts are considered and extrapolated to flows through the urban
environment. These flows are are assessed for the presence of urban features. A
list of features which are found to be significant are given in table 2.2.

Second, the ’CROW’ guidelines on pedestrian walking route design. CROW
is a Dutch non-profit organisation which develops sets of design guidelines
for public infrastructure. This source is considered as CROW guidelines are
largely regarded as the standard setting authority on infrastructure design in
the Netherlands. The ’walking routes guideline’ published by this organisation
outlines 11 urban feature categories of importance. These categories are listed
in table 2.2.

2.2 Reflections on literature

The literature review shows that a body of research exists in the field of pedes-
trian route choice studies. To come to a good understanding of the exact manner
by which this thesis might contribute to that literature the lessons which are
drawn from the review must be made explicit. First, in section 2.2.1 the po-
tential scientific value of this study is assessed in the light of the literature.
Second, in section 2.2.2, the societal implications are assessed. Finally, with
these set, section 2.2.3 posits a general theoretical framework upon which this
thesis builds.

2.2.1 Scientific value of this study

The literature review in section 2.1.2 and investigation of potential features of
interest in section 2.1.3 have made it possible to establish that a knowledge gap
exists in the main research question’s prospective area of study.

13



TIL5060 - J.K. Krom Pedestrian route choice and the urban environment

As identified by the historical overview, research on the interaction between
the urban environment and walking has rarely been translated as to its e↵ect on
actual route choice behaviour: we know where people would theoretically like
to walk, but we don’t know whether this preference has any e↵ect when they’re
en-route to some further-o↵ destination. As found in the study on variables
of interest, some recent studies are making inroads in this area. This presents
a trend which this thesis can fruitfully expand upon. In review of the studies
which have been performed to date, three potential gaps are found.

Firstly, regional di↵erences in pedestrian route choice behaviour remain
under-studied. Although a handful of studies have started to explore the field of
pedestrian route choice, these are mostly contained to non-European contexts.
Specifically for the Netherlands, the prevalence of cycling leads to di↵erent mo-
bility patterns on short- and midrange transport (van Oort, 2020). This might
cause route choice to be substantially di↵erence from e.g. US or Chinese con-
texts. For example, the prevalence of cycling may cause people to be less familiar
with walking routes, as a greater share of short distance trips are performed by
bike. Similarly, di↵erent legal contexts may cause greater risk taking behaviour
- e.g. due to the greater permissiveness towards ’jaywalking’ in the Netherlands
or assignment of legal responsibility for accidents to car drivers.

Secondly, by extension from point one, studying behaviour at a larger ge-
ographical scale. All studies found in the literature review have focused on
narrowly demarcated geographical case studies. The largest areas which have
been identified in the literature are metropolitan areas. No studies have at-
tempted to study an entire country. Doing so would be theoretically defensible
as countries (at least centrally governed ones like the Netherlands), with all
modes being subject to largely comparable rules. Moreover, countries may use
comparable urban design standards, such as those issued by CROW (2021).

Thirdly, studying a societal cross-section. Many prior studies have focused
on specific traveller groups. Few studies have attempted to consider a broader
demographic. Doing so would permits for the study of identification of population-
wide behavioural patterns. As public infrastructure is generally open for use by
a wide range of demographic groups, understanding behaviour at such level is
important for urban design e↵orts. Moreover, it would permit for the study of
di↵erences between demographic groups. Rather than needing to assess such
di↵erences from disparate studies which were conducted under di↵erent cir-
cumstances, a population-wide study would permit for a more standardised
assessment of demographic identity-induced interaction e↵ects.

2.2.2 Wider value of this study

In addition to the academic contributions which might be made to the literature
gap identified above, a study as described in the research questions may also be
of value in a wider sense.

The project is performed in cooperation with Witteveen+Bos as an e↵ort to
calibrate the company’s Loopmonitor tool (Witteveen+Bos, 2021) with regards
to the impact of public transport stops on pedestrian movement. This illustrates
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a wider area to which this study provides value: the prediction of pedestrian
flows in which walking is used as a dedicated mode of urban transport. As
urban planners and policymakers more consciously consider active modes as
standalone mode of urban transport, it is becoming evident that there is a
lack of knowledge on how pedestrians actually navigate the full length of their
walking trips. If cities are to stimulate utilitarian walking overall or spatially
nudge walkers to take certain routes rather than others, far more knowledge is
needed on what features attract or repel walkers. This thesis provides an initial
insight into what features in Dutch urban environments have significant e↵ects
on these flows.

In addition to this content-related benefit, a methodological one can also be
identified. In review of the literature, a window of opportunity is identified in
which a novel methodological approach to pedestrian route choice research can
be tested. Other recent works, such as by Liu et al. (2020) collected walking
route data through manual pen-and-paper surveying. Additionally, data about
the urban environment was collected by physical observations in the area un-
der investigation. Such work, although it delivers interesting results, is highly
labour-intensive. This limits studies to clearly demarcated local case studies.

This thesis sees an opportunity in testing whether this method might also
be performed digitally. The opportunity as identified for this thesis holds that
survey data collection can be performed by means of an online survey which
is complemented with a GIS-data entry facility for route mapping purposes.
In addition, rather than inspecting the environment manually, the fast-growing
body of high quality online geographical data is seen as a potential source of
data on the pedestrian environment. Combined, this may be of potential societal
relevance for six reasons:

1. It removes the need to go to a case study site in person. This permits
studies to be performed flexibly for places which are otherwise harder for
researchers to travel to.

2. It makes the process less labour intensive. Rather than needing a host of
assistants to perform the survey and inspect the environment, researchers
can now focus their energy on knowledge generation.

3. Scalability in case study size. As local inspection is no longer required,
responses can safely be collected across a range of locations which are
deemed relevant for the study at hand. This permits for the performance
of a study at e.g. the country-level, as this thesis will attempt.

4. Uniformity in data input. Manual surveying is a human process, which
is subject to errors, e.g. due to subjective and interpersonal interpreta-
tions or weariness after a long day’s work. By downloading all geodata
from well-maintained resources, a study can draw directly on the collective
work of data collecting organisations (e.g. governmental land-planning
agencies).
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5. Process integration. By collecting data digitally in a GIS format, match-
ing this with geodata ditigally and finally also analysing it through dig-
ital means, all data can be processed in one go once relevant scripts are
prepared. This reduces the need for extensive data transcription e↵orts
(which are in turn prone to errors), and hypothetically permits for a faster
transition from data collection to output analysis.

6. Applicability to other topics. This methodology can be applied to may
other subjects, such as to find whether people avoid certain features at
the neighbourhood level, or to cycling data from fietstelweek surveys (Fi-
etsersbond, 2016).

2.2.3 Theoretical framework

With this overview of the academic literature set, it is possible to define a
theoretical framework befitting the present project’s research question. The final
structure is illustrated in fig. 2.1. This structure illustrates a notional process
leading from a set of academic traditions to the specific theoretical question of
pedestrian route choice. Although the structure indicates causal relationships,
it is important to emphasise that these are only to illustrate a line of reasoning:
it is recognised that in practice most of these concepts are highly interrelated.
Academically, this thesis sees itself as rooted in the fields of human geography,
urbanism and transport engineering.

Figure 2.1: Illustration of the theoretical framework guiding this project. The
dashed lines indicate the approximate fields of study from which certain notions
have been taken from. Note that these lines merely represent the structure at
a very abstract level: it is recognised that in practice these boxes are highly
interrelated

In this schema, three overall causal sequences can be distinguished. Each se-
quence feeds into a distinct input category for the conceptual model, as specified
in the next chapter.

First, interaction e↵ects. This sequence captures how people’s liking of a
certain environment as a walking environment is seen as a process which is
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ultimately based on their perception of that environment as a spatial area.
People’s individual cognitive processes a↵ect this perception, causing it to vary
between individuals. This causes this sequence to interact with more general
route choice preferences.

Second, variables. Prior research shows that behavioural patterns exist in
the population at large. It is assumed that such patterns also exist in peo-
ple’s interaction with features of the urban environment. These features can be
considered as ’variables’, the presence of which a↵ects the general proclivity of
people to choose one route over another.

Third, route choice set. The actual sequences of locations along which peo-
ple walk to travel across an OD-pair. Following literature and intuition, two
types of paths are identified: mathematically defined optimal routes such as
the shortest path, the least directional turns path (both following Shatu et al.
(2019)), and those routes which an individual may happen to know (or be able
to come up based on e.g. local knowledge) through their cognitive processes.
The mental process underpinning this latter source is referred to as ’sense of
direction’, although this is recognised to be a poorly fit term. Note that in re-
cent years journey planning software has assisted people in discovering routes.
It is assumed that such software defines routes based on some mathematical
optimum.
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Table 2.2: Synopsys of urban features recommended by CROW to urban de-
signers, and features which were found to have a significant e↵ect on pedestrian
counts in the Witteveen+Bos ’Loopmonitor’ model.

Features design guidelines, Features ’Loopmonitor’,
CROW (2021) Witteveen+Bos (2021)

1 Walking space 1 Walking space
2 Pavement quality 2 Facilities
3 Signage 3 Sidewalk width
4 Lighting 4 Building floor space
5 Flow separation 5 Parks
6 Seating
7 Toilets
8 Social safety
9 Attractiveness
10 Altitude di↵erences
11 Stairs
12 Navigational guides
13 Maintenance
14 Ease of road crossing
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Chapter 3

Methodology

Sub-question two requests for the definition of a set of methods and data by
which the main research question can be answered. The question moreover
notes that any answer to it must be feasible within the constraints under which
this project is performed. This chapter formulates an answer to this question.
It presents the process by which this study will obtain results which permit
it to answer the main research question. This process encompasses a set of
quantitative and qualitative methods which are used to obtain and prepare
data, compute results and analyse it in a way that permits for the formulation
of an answer to the main research question.

The chapter consists of three sections: First, section 3.1 sets out a concep-
tual structure upon which the thesis builds. For this it clarifies the intention of
research sub-questions and outlines the methodological paradigms which facil-
itate a study of these intentions. Second, section 3.2 outlines the components
which are required for a study to be possible and suitable analytical instruments
are selected. Third, section 3.3 proceeds to the technical implementation of the
method outlined in the first part. Here, practicalities are considered such as
data collection design and coding structures.

3.1 Conceptual structure

This section outlines the overarching approach which this thesis takes to the
main research question. As noted in section 1.2, the main research question is
operationalised by means of two sub-questions which seek to identify di↵erent
perspectives on how features in the urban environment might correlate with
pedestrian route choices. Sub-question three requires an analysis of this with
regards to two mathematically-defined optimum routes: the shortest path and
least directional turns path. Sub-question four requires an analysis with regards
to variation in the route choice set which people people consciously consider to
access or egress a station. By answering both questions, the main research
question can be answered.
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This section is structured as follows: in section 3.1.1 the research questions
are reflected on in some more depth so as to understand what exactly it is they
require this study to perform. In section 3.1.2, the methodological paradigm
of the study is outlined and main methodological requirements are specified.
Finally, in section 3.1.3, a conceptual model is drawn up which provides an
overview of the components which are needed to make the study work and how
these components tie into each other.

3.1.1 Understanding the research questions

Before a methodological framework and any of its constituent parts can be
specified, the outcomes which such framework is supposed to generate must be
defined. In order to do this, the exact meaning of the research questions driving
this study must be made explicit.

To learn whether di↵ering data points represent population-wide trends or
merely variance, statistical tests commonly express research problems in terms
of null hypotheses and alternative hypotheses. Such hypotheses are useful as
they make the core of a research interest explicit. Consequently, the present
study will follow this practice and redefine its research questions through a set
of ’fundamental’ null hypotheses.

The main research question supposes a ’diversion’ of routes due to the pres-
ence of certain urban features. This implies that without these particular urban
features, the route would have taken another, ’non-diverted’ alternative path.
This non-diverted path may as such be conceived of as a kind of fundamental
null hypothesis:

Fundamental null hypothesis, main research question:
H0 = people are expected to take the non-diverted path regardless of features in

the urban environment.

Fundamental alternative hypothesis, main research question:
H1 = people deviate from the H0 route due to the spatial distribution of

features in the urban environment.

To understand what makes a diverted route more appealing than the non-
diverted alternative, an operational definition of this non-diverted path is re-
quired. For this thesis, two such definitions are posited through sub-questions
three and four.

Sub-question three, defines diversion in terms of two mathematically-derived
alternatives: the shortest path and least directional turns path. The definition
of these alternatives is drawn of the academic literature as was reviewed in
section 2.1. These routes are considered of particular interest following the work
by Shatu et al. (2019), who find that up to approximately 53% of pedestrian
route choice is caused by either shortest path or least directional turns path
considerations. This in turn implies that 47% of route choice is determined
by other considerations. This in turn opens up the question whether features
in the urban environment play a role in route choice behaviour. Recognising
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this, sub-question three posits that the shortest path and least directional turns
path combined represent a kind of ’dual null hypothesis’ for its definition of
’non-diverted’ routes. Expressed formally:

Fundamental null hypothesis, sub-question 3:
”H0 = a pedestrian’s route is either the shortest path or least directional turns
path, irrespective of urban features which may or may not be present along

these routes.”

Fundamental alternative hypothesis, sub-question 3:
”H1: a pedestrian diverts from the shortest path or least directional turns path

in favour of a route which contains di↵erent urban features.”

Sub-question four specifies an interest in the a pedestrians’ diversion away
from route alternatives which that pedestrian consciously knows would be an
alternative for the OD-pair which it seeks to travel between. This question is
derived from a more practical consideration as it compares across those routes
which people are in fact aware of and might actually consider for trips on a given
OD-pair. Here, the non-diverted route is defined by drawing on the fundamental
null hypothesis that routes are diverted from due to certain features in the
urban environment. Following this reasoning, diversion is defined in terms of
frequency: in a non-diverted case all routes which a respondent is aware of would
be taken equally often. After all, if a traveller were to be indi↵erent to features
in the urban environment, that traveller would be equally glad to choose any of
the routes in the choice set. Expressed formally:

Fundamental null hypothesis, sub-question 4:
”H0 = there is no di↵erence between frequently taken and infrequently taken

routes in terms of features in the urban environment.”

Fundamental alternative hypothesis, sub-question 4:
”H1 = there is a di↵erence between often taken and not-often taken routes in

terms of features in the urban environment.”

With these definitions set, it becomes apparent that to answer either sub-
question, information is needed on two points: first, the geographical form of a
route versus some other route, and second, the presence of certain urban features
on one route as opposed to an alternative route.

Note that these definitions can be contested and additional null hypotheses
can be defined. For example, a distinction can be made between shortest path
and fastest path. Also, any feature of the urban environment can be redefined
as null hypothesis: e.g. that a pedestrian’s path leads through a maximum
amount of public greenery or that such path only crosses roads at intersections
with tra�c lights. Such definitions are not chosen for three reasons. First,
although the transport modelling convention for vehicular tra�c is to use the
fastest rather than shortest path, pedestrians are not bound to the formal speed
limits which make this convention applicable. As pedestrians can in theory
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walk almost anywhere at (almost) the same speed, the shortest and fastest
path on pedestrian-available infrastructure are (all else being equal) considered
to be one and the same. Second, testing respondents’ route choice against
an individual urban feature would say little about people’s sensitivity to the
urban environment overall and as such be of less societal benefit (e.g. through
policymaking e↵orts). Finally, note that the reason these definitions are posited
is to provide a structure to the following work, not to exclude other possible
structures as theoretically unsound.

3.1.2 Research paradigm and analysis

How can these fundamental null hypotheses be studied? Research on travel
behaviour can generally be divided into stated preference or revealed preference
paradigms. The chosen approach a↵ects the methods that can subsequently
be applied and the kind of results which are eventually obtained (e.g. Duives
(2021b)). In the context of the present main research question, a stated pref-
erence study would generate results on what features people would generally
prefer to see in their walking environments. This is comparable to the field of
walkability, which seeks to identify the relative appeal of certain spatial quali-
ties to pedestrians. Conversely, a revealed preference study would seek to derive
insights from people’s actual behaviour. In the context of the proposed study,
this would deliver results on the extent to which people have consciously or
unconsciously adjusted their behaviour in response to certain characteristics of
the urban sphere.

For the present study the ’revealed choice’ approach is deemed to be most
suited for answering the research questions. This decision follows from the for-
mulation of the main research question, which requests that this study generates
knowledge on ’how people divert walking routes’, rather than e.g. ’what some-
one’s ideal walking route would look like’. The emphasis is on real behaviour,
rather than ideal-world preference. An additional motivation is more practical:
as noted in section 2.2.2, this study wishes to test a number of methodological in-
novations to pedestrian route choice research. These innovations are based on a
form of data collection and analysis which build upon observed actual behaviour
rather than hypothetical behaviour. Consequently, a revealed preference study
is opted for.

The choice for a revealed preference approach has several consequences for
the build and structure of this thesis. Three of these consequences are: First, it
means that data must be obtained from which choice behavioural insights might
be ’revealed’ upon analysis. Under the ’stated preference’ approach data is
obtained from choice experiments. Such experiments consist of a list of outcomes
on questions on people’s behavioural preferences (choices) (Chorus, 2021b). In
contrast, revealed preference data builds on less advance-formatted ’generic’
data. Second, by building on more generic data, this may make actual choices
of people harder to discern: after all, when is the higher incidence of a certain
feature along a route a consequence of choice or coincidence? Third, by drawing
on more generic data, this can be analysed on more facets: a string of route-
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coordinates contains more information than a binary choice between clearly
defined sets of parameters. This does however mean that more work is required
to extract this information.

When these realisations are combined with the substance of the sub-questions
as detailed in the previous section, the requirements for the methodological
framework of this study can be determined. Five such methods can be distin-
guished:

1. A method to analyse routes in a way that permits geographical comparison
to other routes which an individual might take. The need for such method
follows from the comparative nature of the research questions. For sub-
question three, information is needed by which it can be assessed whether
people actually take the shortest or least directional turns route. For sub-
question four, a similar question arises, but then with regards to the routes
which a respondent consciously knows.

2. A method to determine which features in the urban environment might
elicit an e↵ect on pedestrian route choice. Such a feature selection method
is needed because it is practically not doable for a study with these re-
sources to include every possible characteristic of the urban sphere. Epis-
temologically, one may argue that this is not even possible at all as the
full extent of the world with all its subjective intricacies cannot be known,
let alone measured. Consequently, this study will study an abstraction
of the world - and as such requires a definition upon which to base this
abstraction.

3. A method to determine how features in the urban environment might be
’present’ on a given route. What matters more: ten trees concentrated in
a small area, the same number of trees spaced evenly along the full length
of a route, or just the presence of that number of trees on route regardless
of their location? Such method may be conceived of as an ’analytical’
method: a way by which data on a subject is interpreted.

4. A method to determine whether features in the urban environment attract
or repel pedestrian route choice motivations. As found by prior studies on
pedestrian route choice, people prefer to walk in the presence of certain
features, and rather not in the presence of others. A method is needed
to determine whether such e↵ect is positive (attraction) or negative (re-
pelling). In the field of quantitative science, this function is typically
performed by statistical tools.

5. A method to prepare data inputs for analytical use. This follows from
the recognition that a revealed preference study draws on generic data.
Such data will not be perfectly suited for direct analysis and will require
meticulous cleaning and aligning work in order to derive lessons which are
theoretically interesting.
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These methodological requirements will be worked out further over the
course of this chapter. Points (1) and (2) pertain to aspects of data collec-
tion and will be worked out further in section 3.2.1. Point (3) addresses data
analysis and will be worked out in section 3.2.2. Point (4) relates to statistical
methods, which are discussed in section 3.2.3. Finally, point (5) concerns a more
practical consideration and will be detailed in section 3.3.

3.1.3 Conceptual model

Now a clear understanding has been established on what the research questions
entail and what is needed to answer them, a model can be drawn up of the com-
ponents which are needed to construct a study of these research questions. This
model follows from the theoretical framework defined in the previous chapter
(fig. 2.1), and is presented in fig. 3.1. The central axis of this model describes the
need to travel across a certain OD-pair, the routes which are available for this,
and the eventual output: a choice for one of these routes. The fields marked
’interaction e↵ects’ and ’urban variables’ represent characteristics which a↵ect
this route choice.

As noted in section 1.2, this thesis builds on the premise that people have
made their mode choice decision and have opted for a multimodal trip in which
they access and/or egress a train station on foot. This thesis only studies the
part of such trip which is performed on foot. Although characteristics of the
non-pedestrian trip leg may a↵ect behaviour on the pedestrian trip leg (e.g.
due to public transport frequency and quality (Shelat et al. (2018), van Oort
(2020)), this study seeks to provide insights which can aid in redesign of urban
areas rather than train schedules. Consequently, the e↵ect of the non-pedestrian
trip leg on route choice is assumed to be constant across the population. This
assumption is operationalised by considering the pedestrian-leg of the trip as
the OD-pair for this study. Following from this reasoning, these pairs are the
starting point of fig. 3.1.

Trips on OD-pairs can usually be made along a multiplicity of routes. Con-
sidering that human beings aren’t omniscient, pedestrians will only be con-
sciously aware of a subset of possible routes for a given OD-pair: the ’known
routes’. Other routes may exist, but if someone is not aware of these it is as-
sumed that they will not be opted for. For this project two such ’unknown’
routes are considered: the null hypothesis routes of sub-question three. As time
progresses, the set of known routes grows through exploration or circumstance.
However, at any given point in time the set of known routes is deemed to be
finite.

Following from this, each time an individual performs a trip on an OD-pair,
it can be assumed that one of the known routes will be chosen. This leads to
the outcome of fig. 3.1: route choice. As trips are performed again and again,
an individual might vary the route it opts for. Successive route choices translate
to a relative route choice frequency: some routes are chosen more often than
others. A route which is taken more often than others may be deemed to be
’preferred’ over its alternatives.
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Figure 3.1: Illustration of the conceptual logic underpinning this study.

This thesis seeks to find out how characteristics of the urban sphere a↵ect
such preference. As evidenced by the body of ’walkability’ research, people pre-
fer certain environments over others when walking. This is worked out further
by prior studies on pedestrian route choice, who find that indeed pedestrians
adapt their walking routes in accordance to the presence or absence of certain
features of their environment. In fig. 3.1, these characteristics are labelled as
’urban variables’.

In addition to urban features, prior social scientific research shows that a
range of other parameters have substantial e↵ects on choice. For this study,
those dimensions are referred to as ’interaction e↵ects’. To understand how
trends in the population might vary on the variables under consideration, these
e↵ects will be studied. Both categories will be worked out and their selection
motivated in section 3.2.1.

3.2 Approach

The approach taken by this study can be summarised as follows: a survey
is distributed in which respondents are asked to provide a collection of three
walking routes which they use to access and/or egress a train station in an online
survey. Subsequently, these routes are overlaid with a selection of open geodata
layers on variables which are deemed to be of potential interest in determining
pedestrian route choice. By locating these variables ’on’ a route, it is possible
to ’score’ routes in terms of the extent to which they contain certain variables.
Finally, these scores can be used to perform various statistical analysis in order

25



TIL5060 - J.K. Krom Pedestrian route choice and the urban environment

to generate theoretical insight. In this section this overall workflow is worked
out and detailed further.

With the ’high-level’ framework of this study outlined, this section works out
the components which are needed to make this study work. The section consists
of three parts: first in section 3.2.1, the data requirements and a related collec-
tion strategies are outlined. Second, in section 3.2.2, a set of analytical actions
are introduced through which results can be generated that answer the research
question. Finally, in section 3.2.3, a set of statistical tools are introduced with
which analysis outcomes can be tested for di↵erences between various samples
of interest.

3.2.1 Data requirements and collection

Following from the conceptual framework in fig. 3.1, two overarching types of
data are required: first, data pertaining to route choice sets as input and an
indication as to which of these routes people actually choose as output (the
boxes ’route choice set’ and ’route choice’, respectively). Second, data pertaining
to variables which might influence such a choice (the groups ’urban variables’
and ’interaction e↵ects’). As can be read in fig. 3.1, this latter category can
subdivided into four parts: urban features, subjective variables, route geometry
and interaction e↵ects. The motivation for this subdivision will be provided
later in section 3.2.1 and section 3.2.1. To permit a more complete discussion
of the variables, the applicable data collection strategy for each variable will be
discussed first.

Known routes

Background: As a study on pedestrian route choice, walking route data repre-
sents the core data type of this project. Such data can be represented in various
formats, e.g. point-specific counts and flow measurements, or as full origin-
to-destination ’lines on a map’. The former options are comparatively easy to
collect. However, these generally do not include the origin and destination of
individual passersby, which complicates the computation of the shortest path
and least turns path as are required under sub-question three. Point-measured
data is highly local, whilst in order to learn about the e↵ect of urban features,
information is required on all features along a route. Finally, point-measured
data o↵ers little insight to alternative routes which an individual might con-
sider. This complicates routes choice set analysis as needed fro sub-question
four. In contrast, full-length, geographically represented routes by definition
include all geographical dimensions along their path. This permits for shortest
paths to be defined. By including all geographical dimensions of a route, it also
becomes easier to identify urban features which are located along the route.
The greater emphasis on the individual traveller also increases the ability con-
sider alternative paths. Consequently, this thesis chooses to study routes in this
format.
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In terms of data resolution, this thesis sets its scope at the between-intersection
level. Hereby routes are understood as consecutive series of between-intersection
path segments connecting an origin and a destination. This level is chosen for
two reasons. First, convenience: with the exception of fields and squares ur-
ban areas are largely organised around paths. Structures around these paths
bound sight lines and amenities are placed along them. Second, to sustain in-
formation density and to contain complexity: lower-resolution data would make
it impossible to assess what path-surroundings a pedestrian chooses to walk
along. As paths / roads may vary substantially in appearance and character,
a lot of information would be lost in such an abstraction. Conversely, higher-
resolution walking route data would include information on e.g. the side of
a road or the direction in which people walk around objects. Although this
would provide more information, it greatly increases complexity as trip-to-trip
variability will increase. It places far greater requirements on data collection
procedures, thus limiting the possibility to implement this thesis with the avail-
able resources. Also, this complexity does not seem proportional to the added
knowledge: does the possibility to walk around an obstacle (e.g. a garbage
can) in a clockwise manner really lead someone to choose that entire road?
For such higher-resolution studies microscopic tools are more suitable, such as
agent-based simulations (Duives, 2021a).

Data collection strategy: Pedestrian routing data can be collected by var-
ious means. Examples are GPS tracking (e.g. Rodŕıguez et al. (2015) or Lue
& Miller (2019)), self-reported travel dairies (Liu et al. (2020) or Borst et al.
(2009)), or various qualitative techniques such as interviews and focus groups
(e.g. Ferrer et al. (2015)). Evidently, techniques vary in the extent to which
they require technical aids and the extent to which individuals need to provide
personal information. As noted in section 2.2.2, this thesis identifies the self-
reported data collection approach as one that lends itself for further innovation,
and sets out to test the ideas described in that section.

Combined with the revealed preference paradigm selected for this study, this
implies that this study will build upon a ’self-reported revealed preference’ prin-
ciple. In this format, preference data is self-reported by voluntary respondents
in a survey. As posited as potential innovation in section 2.2.2, the self-reporting
principle for known route data is operationalised by means of an online survey
in which respondents draw their walking routes on a free-form GIS-based map.
A detailed description of the implementation of such survey for this thesis is
given in section 3.3.1.

To study route choice between ’known’ routes, multiple routes for an OD-
pair must be obtained per respondent. In requesting respondents to self-report
their route data, a question arises on the number of routes which people can be
asked to provide without a↵ecting data quality. Here, it is noted that longer sur-
veys negatively a↵ect data quality and respondent cooperation (?). Following
several trails with survey design (detailed further in section 3.3.1), it is found
that a maximum of three routes can be asked without substantial loss of quality
or respondent cooperativeness. Therefore, all respondents are asked to provide
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three routes. This number is not varied across respondents: adding / removing
routes would cause certain respondents to feature more often in data, and other
less. This is foreseen to further complicate data preparation exercises. Respon-
dents who can only come up with fewer than three routes are requested to fill
in additional routes by imagining an existing route were to be blocked at some
point and assigning such route a frequency of ’never taken’.

In addition to the more conceptual motivations listed in section 3.3.1, this
online survey-based approach is chosen for five reasons: Firstly, by basing and
circulating the survey online, it represents an innovation over pen-and-paper
based methods which appear to have been commonplace for prior studies. Test-
ing whether this approach works as methodology is as of itself deemed as a
potentially interesting outcome of this study. Second, it can be developed using
online services which are available to the researcher, making it relatively easy
to create and a↵ordable to deploy. Third, by requesting respondents to fill their
routes directly into a GIS-tool, this facilitates computational analysis. Fourth,
by being accessible for everyone with an internet connection and not requiring
invasive GPS-tracking, it is possible to circulate the survey a country-wide level
and elicit responses from a greater diversity of demographic groups. Fifth, in
contrast to e.g. travel diaries, it does not require close monitoring of a popula-
tion of participants over a course of time. As with any survey-based method,
the online self-reporting principle is not perfect. Last but not least, it provides
for an integrated platform through which other data required for this thesis may
be collected.

Two main shortcomings are evident from such a method: First, data quality.
As respondents fill in data on their own accord, it is not possible to ensure that
all respondents provide data at an equivalent resolution. Second, persuading
people to respond. Filling in an online survey requires goodwill of people to
commit their time with no direct benefit to themselves. Some people may not
be inclined to do so.

Route choice frequency

Background: Successive choices for a route lead to a frequency by which
certain routes are chosen. As noted in section 3.1.1, it is hypothesised that of
the routes which people know, the frequency at which they take these routes
again depends on the independent variables of the urban form. The frequency
by which certain routes are taken is as such an important indication of people’s
(dis)like of features along routes in the respondent’s choice set.

Note that alternative explanations may exist as to why a route is in fact
chosen. Amongst others, these could be the lack of realistic alternative options,
taking pleasure in the act of walking more than the environment where that act
is performed, or just plain habit. The first reason can be controlled for through
various computations on route geometry. The last two reasons can be assessed
by asking people to provide a qualitative motivation for their route choice.

Data collection strategy: Data on route frequency is obtained through the
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same survey which is used to obtain known route data. The data can be obtained
by asking respondents to provide an indication as to how often they choose each
route which they provide. This approach has the advantage of obtaining such
information right after respondents have provided their route data and are as
such still aware of it. By collecting frequency data through the same platform as
route geography data, this can be taken along in the integrated digital analysis
process.

Variable selection strategy

Background: To select independent variables which can be studied quantita-
tively, a ’long list’ is drawn up containing features which are expected to have
an e↵ect on pedestrian route choice. The ’long list’ is determined with the
triple selection aim stated in the introduction: firstly bolstering evidence for
the (un)importance of certain features which prior research suggests may have
an impact on pedestrian navigation, secondly confirming whether features found
to have a significant e↵ect overseas hold within the Dutch context, and thirdly
identifying new features of importance.

The long list is composed from two sources: First, academic literature as
discussed in chapter 2 and of which an overview is provided in appendix A.1
and A.2. Second, features recommended by experts on pedestrian movement
in the Netherlands. These conversations delivered insight on what features
might be relevant to the Dutch context. To this end, representatives from two
organisations were interviewed: the journey planner company ’9292ov.nl’ and
the Dutch national interest group for walking, ’Wandelnet.’ The features which
were identified through these conversations are listed in table 3.1.

To make sure as many relevant variables can be included in the time available
for this project, the long list is first sorted for each feature’s expected relevance
according to the sources noted above, and again for the expected complexity of
each feature’s implementation. Over the course of implementation the long list
is worked through starting at the feature which is deemed to be the easiest to
implement and most relevant. The ease of implementation is assessed in four
steps:

1. The kind of information it describes. Some features are based on highly
personal subjective experiences whilst others reflect tangible ’things’ in
the urban sphere.

2. Whether the feature represents a distinctly measurable phenomenon. If
this is not the case, it is assessed whether the description in literature
suggests aspects of such feature which can be measured directly. If present,
such underlying aspects are considered as potential proxies.

3. The possibility and manner of obtaining data on a feature. Some features
may need to be obtained from individuals while others may require geo-
graphic data which is not available (at adequate quality) for the Nether-
lands.

29



TIL5060 - J.K. Krom Pedestrian route choice and the urban environment

Table 3.1: Overview of features recommended as important design elements
over the course of personal interviews with experts on pedestrian mobility in
the Nederlands.

Feature
1 Network connectivity
2 Road crossing safety
3 Tra�c safety
4 Obstructions
5 Attractiveness (overall)
6 Green areas
7 Social environment
8 Universal access
9 Sidewalk width

4. The computational e↵ort required to operationalise a feature is considered.
Here, for instance the feature of ’sidewalk width’ is quantitatively distinct,
highly relevant, has data available, but is exceedingly hard to compute
reliably at a large scale.

The final list of implemented features is referred to as the ’short list’. Both
the long and short lists can be found in the appendix under B.1 and B.2.

The short list contains 28 features. Some of these are best assessed through
other data formats, such as the null hypothesis routes. The ’familiarity’ dimen-
sion pertains to personal characteristics and is better included as an interaction
e↵ect as will be introduced later. Similarly, whether a route is a ’customary
route’ is interpreted as best reflected by the route frequency category intro-
duced previously.

This leaves 26 features of interest which are expected to have an influence
on pedestrian route choice behaviour. Of these, two features can be classified as
’geometric’ aspects which are inherent to the geographic shape of routes. These
represent characteristics which can be computed locally based on ’known’ route
data. As such, these are conceived of as a form of analysis and will as such be
discussed in section 3.2.2.

Data collection strategy: The remaining 24 variables and variable cate-
gories on the short list are judged to a↵ect route choice in qualitatively di↵erent
ways. A consequence of this is that these variables are ideally collected using
di↵erent methodologies. Following from the ease if implementation assessment
points described previously, two collection approached are identified: subjective
experiences (12 features) and urban features (12 features).

With regards to urban variables, this data cannot be obtained through the
survey as it would be a highly time-intensive process for respondents. As noted
in section 2.2.2, this thesis here seeks an methodological innovation by drawing
on publicly available geodata. A wealth of such data is exists and is freely
available. As many of these sources are managed by Dutch government agencies,
these sources generally meet high and uniform quality standards.
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Although open geographical data o↵ers a wealth of possibilities, it is impor-
tant to note that there are drawbacks. As data is managed and defined by an
external organisation, categories, definitions and data resolutions are defined by
a number of third parties. Data which is not relevant to these parties purposes
will not be recorded, even if it might have been relevant to a pedestrian or the
analytical purposes of this thesis.

Nevertheless, as with the use of an online route-mapping survey, use of these
open geographic data sources represents an interesting innovation which has as
of yet been unused in the field of pedestrian route choice studies. By using these
sources this thesis will explore the potential o↵ered by open public data, which
may be of benefit to future studies.

With regards to subjective experiences, this category requires insight into
the personal experiences of respondents. It is as such not possible to obtain these
through publicly managed geodata sources. As literature and intuition suggest
that such features are of considerable importance, they cannot be discarded
either.

To permit for the inclusion of subjective data, this thesis adds an additional
category of questions to the survey where respondents can indicate their appre-
ciation or dislike of certain variables in a closed-form question format. These
questions prompt a respondent with a statement on the feature (e.g. ’this route
feels safe’), and permit the respondent to choose from five options as to how
much they agree with such a statement (’strongly agree’, ’agree’, ’neutral’, ’dis-
agree’, ’strongly disagree’).

Note that this represents a great abstraction from the full depth of the
personal experience. To permit for analysis, this data must however be obtained
in a manner which can be assessed across the full respondent population and
the survey provides the most suitable platform for this.

Urban features

Drawing on the set of cognitive elements through which human beings under-
stand their geographic environment from the field of human geography (Knox
et al., 2007), it is understood that in order to navigate space human beings
interpret this in terms of paths, districts, nodes, edges and landmarks. For
this thesis, such elements can be considered to entail ’urban features’. Urban
features constitute the main independent variable for this study: certain urban
features are expected to attract people whilst other features are expected to re-
pel people. This causes people to seek out or avoid the presence of such features
on their walking routes, which in turn is expected to be measurable in terms
of the incidence of features in walking route data. The urban feature variable
category is constituted by elements which have a physical presence in the urban
environment.

The short list of relevant urban features contains two categories: tangible
features which can be measured directly, and features which represent a basket
of several sub-features. To permit analytical comparison to prior research and
to test expert recommendations, variables which can be measured directly are
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assigned a hypothesised positive or negative correlation with walking route at-
tractiveness. These correlations are based on the correlations found for these
features in prior research or expert advice. Positive hypotheses presuppose that
these features attract people and that such features will be more present on
more popular routes, whilst negative hypothesis suppose that these features
repel people and will consequently be less present on popular routes.

Four such directly measurable variables are identified: tra�c lights, the
number of staircases, plot size and floor space index. Note that ultimately ’di-
rectly measurable’ still belies an abstraction: the data upon which prior research
identifies significant e↵ects may have used di↵erent definitions. Moreover, for
this thesis variables are selected that are ’most similar’ based on available data
sources. For instance, road crossing safety encompasses a wider range of items
than just tra�c lights. In addition, following Knox et al., it is noted that ex-
ceptional entities in the urban fabric may also a↵ect human navigation. Here,
’landmark’ cognitive element category stands as a particularly interesting notion
which, following literature, would be expected to guide human wayfinding.

Features which represent a basket of sub-features are addressed by proxy.
Based on the way such dimensions are introduced in prior publications and
available data one or more distinct variables are defined through which the
overarching feature is represented. Five such features are identified, as presented
in appendix B.2. A variable-level definition of these categories given in appendix
B.3.

The overarching feature of ’attractive buildings’ is largely redefined as ’year
of construction’. This is done based on an assumption that buildings are at-
tractive due to their appearance, which is based on architecture, which in turn
contingent on fashion and fluctuates over time. This architectural definition of
building age is operationalised by organising building ages into brackets repre-
senting distinct chronological phases in urban planning in the Netherlands as
defined by de Klerk & van der Cammen (2008). Urban planning phases are
used here, as planning adds an indication as to to role which buildings were
intended to perform in the urban sphere. Architectural design largely follows
these phases.

The overarching features of ’attractiveness (overall)’ and ’land use mix’ are
defined as building status and building function, respectively. These represent
data categories contained in the ’Basisadministratie Adressen en Gebouwen’
database managed by the Dutch land registry o�ce. Here, ’status’ is deemed
to be relevant as this describes whether a building is in use and/or undergoing
forms of construction work. This a↵ects the physical appearance of a building or
may cause noise or social discomfort which a↵ect attractiveness. With regards
to building function, this describes the type of activity which is going on in the
building and the use of the building.

To include the ’landmark’ notion from the field of human geography, an an-
alytical definition is required. This definition is found following Zomer (2021),
who posits a one to measure the routing behaviour of cyclists. Here, landmarks
are conceived of as buildings which are exceptional in terms of floor space index
(FSI), plot area and/or age, relative to other buildings in the area. Although
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Zomer performed her study on cyclists, human geographic research holds that
this feature is applicable for all human navigation. In the analytical definition
applied here, ’exceptionality’ is defined as eq. (3.1): any building with an FSI,
plot area or age C, on route r which is more than thrice the standard deviation
for that C on all routes of respondent k. To assess the level of exceptionality,
three variables are added indicating whether buildings are considered a land-
mark in terms of one, two or all three C. This is represented by the ’1’, ’2’ or
’3’ criterion features.

Ci,r � 3 ·

sP
(Ci,k � µk)2

Nk

8i 2 r 8r 2 k (3.1)

In the end, 41 urban feature variables are included for analysis. The final
list is given in table 3.2.

Subjective variables

As found in section 3.2.1, route choice is a↵ected by a range of factors which
are characterised as ’subjective’, i.e. dependent on an individual’s personal
experience of a situation. This information is obtained by asking respondents
to rate their routes in terms of these experiences. Note that these features are
only tested under sub-question four. This is done as it is not possible to obtain
subjective data for the (locally computed) null hypothesis routes, thus making
comparisons on these features impossible.

Subjective questions capture di↵erent dimensions of the pedestrian experi-
ence. For each category respondents are asked to what extent they agree with
they agree with a statement on a subject. Examples of such statements can
be seen in appendix D.12. Three categories of subjective questions are distin-
guished:

1. Route speed and ease by which a route can be remembered. These char-
acteristics are relevant because they emulate characteristics which are in-
herent to the ’null hypothesis routes’ which are tested under sub-question
three: the shortest path and least directional turns path.

As the null hypothesis routes are locally computed, it is not possible to
perform tests against these routes on any of the subjective variables. Hy-
pothetically, it might be that a route is taken because is is experienced as
the fastest path across an OD-pair, but does not overlap with the actual
shortest path. This would give insight to situations where the shortest
path may not be the fastest option for pedestrians. Similarly, the least
directional turns route (amongst others) tests how easy it is to remember
a route. Again, if this feature scores high, without overlap with the least
directional turns path this suggests deviations from theory.

2. Urban features which cannot / are hard to test on open geographic data.
By including a question about the extent to which such features are present
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Table 3.2: Overview of all urban features tested in this study. Note that this list
does not include subjective variables. In the ”Hypothesis” column ”+” implies
that a feature attracts routes and ”-” repels routes. All variables are represented
by ratio values.

Urban feature variable Metric Hypothesis
1 Year of construction: <1945 summed n/a
2 Year of construction: 1946-1970 summed n/a
3 Year of construction: 1971-1985 summed n/a
4 Year of construction: 1986-2000 summed n/a
5 Year of construction: 2001-2022 summed n/a
6 Year of construction: mean averaged n/a
7 Tra�c signals count summed +
8 Stairs count summed -
9 Status: construction permit granted summed n/a
10 Status: unrealised building summed n/a
11 Status: construction commenced summed n/a
12 Status: building in use (not measured) summed n/a
13 Status: building in use summed n/a
14 Status: demolition permit granted summed n/a
15 Status: building demolished summed n/a
16 Status: building not in use summed n/a
17 Status: building under reconstruction summed n/a
18 Status: building illegitimately realised summed n/a
19 Function: residential summed n/a
20 Function: gathering summed n/a
21 Function: prison summed n/a
22 Function: health care summed n/a
23 Function: factory summed n/a
24 Function: o�ce summed n/a
25 Function: guesthouse summed n/a
26 Function: education summed n/a
27 Function: sports summed n/a
28 Function: shops summed n/a
29 Function: other summed n/a
30 Green: % tree cover averaged +
31 Green: % bush cover averaged +
32 Green: % grass cover averaged +
33 Noise pollution: total averaged -
34 Noise pollution: roads averaged -
35 Noise pollution: railways averaged -
36 Landmark count: FSI summed -
37 Landmark count: plot area summed +
38 Landmark count: year of construction summed n/a
39 Landmark count: 1 criterion summed n/a
40 Landmark count: 2 criteria summed n/a
41 Landmark count: 3 criteria summed n/a
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on routes in the respondent’s choice set, it is possible to review the role
which these features play in pedestrian route choice.

Although these features (e.g. seating) themselves are not necessarily ’sub-
jective’, it would not be possible to measure these at an accuracy at that is
equal to the way in which open data-based features are assessed. To make
this di↵erence more explicit, it is decided to ask for the presence of these
features in a purely subjective manner: i.e. instead of asking ”how many
chairs are there on this route?”, a respondent is asked ”is there enough
seating on this route”.

3. Route characteristics which are fully subjective. A range of features refer
to ’intangible’ topics which may be expected to vary considerably be-
tween individuals. Examples of features are the feeling of (social) safety
or whether the route is su�ciently well-lit at night. Here the experience
of ’safety’ might not be in line with e.g. actual crime statistics. Similarly,
the presence of street lights may not mean that a place is experienced as
well lit.

These subjective categories lead to the creation of a list of 12 subjective
variables which can be analysed directly. The full list of variables is provided
in table 3.3

Interaction e↵ect: respondent background

The basic hypothesis of this thesis holds that urban features a↵ect route choice.
This e↵ect may however di↵er depending on the interaction by contextual con-
ditions. Three interaction e↵ects are considered: personal background, modal
and local familiarity and trip direction. Methorst (2021) notes that ”[i]t is com-
monly accepted that life cycle stages, gender and civil/household status pre-
dispose activity patterns and consequently [waking and sojourning] behaviours.
These are important factors in lifestyle [...], mobility choices and habits as they
govern life needs, abilities and the search for walking and sojourning opportuni-
ties, autonomy and mode captivity” (p.151). Following e.g. Hillnhütter (2016)
and Bongiorno et al. (2021), trip direction is of importance. The full list of
interaction e↵ects is provided in table 3.4.

Following Methorst, age is noted as indication for physical ability and en-
durance, whilst gender reflects the propensity to take risks and general prefer-
ences. In line with age, respondents are also explicitly asked to indicate their
ability to walk further than 2 km without requiring assistance or rest (see also
appendix D.17). This is asked so as to determine the role which walking plays in
the respondent’s mode choice set. Although Methorst also mentions the impor-
tance of household status, this is noted to be of primary importance on mode
choice, but of lesser relevance to route choice. As the present study focuses on
the latter it implicitly takes that a mode choice has already been made and is
no longer relevant. Although mode choice behaviour is considered to be out of
scope, the set of background questions will request information on a respondent’s
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Table 3.3: Overview of all subjective variables tested in this study, including
their manner of measurement. All variables are represented by ordinal values
measured on a 5-point scale.

Subjective variables Type Hypothesis
1 Subjective: fastest Averaged +
2 Subjective: easy to remember Averaged +
3 Subjective: no obstructions Averaged -
4 Subjective: steep slopes Averaged -
5 Subjective: lot of seating Averaged +
6 Subjective: protected against weather Averaged +
7 Subjective: safe vs.tra�c Averaged +
8 Subjective: safe vs. social risk Averaged +
9 Subjective: like when dark Averaged +
10 Subjective: well lit Averaged +
11 Subjective: other people Averaged -
12 Subjective: well maintained Averaged +

Table 3.4: The following interaction e↵ects are considered.

Variable Data type
1 Regularity of performing walking trips Ordinal (4 scales)
2 Regularity of travelling by train Ordinal (4 scales)
3 Ability to walk farther than 2 km unassisted. Ordinal (5 scales)
4 Gender identity Nominal (4 options)
5 Age, per bracket Ordinal (7 scales)
6 Familiarity with area. Ordinal (4 scales)
7 Whether a respondent lives in that city. Binary
8 Whether a respondent has a bike available. Binary
9 Trip direction Binary
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access to a bike and people’s familiarity with the area. As noted by Methorst
(2021), cycling in the Netherlands claims a substantial share of the trips which
would be performed on foot elsewhere. Consequently, it may be expected that
longer-distance walking trips will be relatively scarce if a respondent has a bike
available in that city. If a respondent walks farther despite having a bike, this
may be read as either a certain attractiveness of walking or ’unattractiveness’
of cycling. Respondents are asked to indicate their familiarity with the area
surrounding the station to understand respondents’ ability to tailor a route to
their personal preferences. Respondents who are unfamiliar with the immediate
environment may choose routes which are easier to remember or chosen based
on some navigational aid.

3.2.2 Data analysis

Methodologically, the main di↵erence in the way this thesis goes about answer-
ing sub-questions three and four lies in the selection of sample categories and
variables which are considered. This allows both questions to be analysed in
a largely similar manner. In order to permit structured comparison, each sub-
question will be answered by performing three kinds of analysis: route geometry
analysis, route aggregate analysis and within-route distribution analysis. Ad-
ditionally, the results generated by this study are analytically strengthened by
applying a qualitative verification.

Analysis method

This study engages with with a form of discrete choice analysis: the choice of a
person for one among a finite set of distinct route alternatives. In line with the
research questions and prior academic research, this choice is hypothesised to
be dependent on the combined e↵ect of a range of variables. For such studies, a
multinomial (logit) regression or mixed logit random utility modelling approach
would generally be considered the ideal go-to method. Indeed, other studies on
pedestrian route choice such as Liu et al. (2020) or Muraleetharan & Hagiwara
(2007) have applied this. Such a ’modelling’ approach permits for the statistical
estimation of weights (�’s) for each variable under consideration. Through ap-
plication of the logistic distribution, research shows that choice behaviour can
be powerfully emulated (Chorus, 2021a). Moreover, it permits for the inclusion
of a basket of variables in combination. This is in line with the finding by Ew-
ing & Cervero (2010), that individual variables in the urban environment may
have a relatively minor e↵ect on route choice, but do a↵ect such choice when
combined.

Although this approach would generate the most powerful results, this the-
sis chooses not to apply it in analysis. Instead, each variable will be tested
individually through ’simple’ univariate descriptive statistics. Here, ’descrip-
tive statistics’ are understood as collection of statistical tools which draw upon
statistical sample indicators such as proportions, mean, variance, residuals and
rank. Although one-sample and two-sample methods are used, all tests are used
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to either directly or indirectly compare pairs of samples. Aim of this method is
to obtain an understanding of which variables on which route categories deviate
significantly from their specified baseline route categories.

By opting for a non-modelling method, this consciously entails a weakening
of the results this study generates. By considering all variables autonomously it
complicates analysis: a far greater greater number of tests need to be performed
and interpreted. Moreover, by not estimating a model, no ’weights’ are obtained
that will lend themselves to clear interpretation of the relative importance of
variables. Under the applied method the relative weight is taken from the less
exact significance threshold which as moreover not been tested for interaction
with other variables. This decision is taken for two reasons:

First, in order to generate results which are meaningful a comparatively
large amount of data is required. Although exact rules of thumb are unclear,
e.g. Stoltzfus (2011) finds that 10-20 responses per independent variable are
required so as to capture enough variability in the population so that a model
can reliably identify the relative weight of variables. This thesis study considers
approximately 41 urban feature variables and 12 subjective variables. When
the rule posited by Stoltzfus is applied to the present study, this translates to a
requirement of at minimum (41 urban variables times 10 =) 410 valid responses
for sub-question three, and ((41 urban variables + 12 subjective variables) times
10 =) 530 valid responses for sub-question four. However, as is discussed to
greater detail in section 4.1.1, only 105 valid responses have been obtained.
This is far too little to obtain reliable results using a modelling approach, which
means that an alternative method is required.

Second, in order to determine the exact preference of each respondent -
in addition to the way by which that respondent’s preferences vary vis-a-vis
the wider population - a sizable choice data set is prequired. In the field of
route choice this problem is generally approach by comparing the route which
is chosen by a respondent against a wide body of alternative routes. In the
present study sub-question three considers five routes (three ’known’ routes
and two null hypothesis routes) and sub-question four considers three routes
(the ’known’ routes only). Studies which approach route choice by means of
modelling commonly generate several tens, if not hundreds of route alternatives
generated by k-routes or other more complex mathematical models (e.g. , Liu
et al. (2020)).

Although this latter requirement would mathematically be possible, it is
highly demanding computationally. This challenges the methodological innova-
tions which this thesis seeks to explore: drawing on public geodata to perform
analysis on urban features. As will be discussed in section 3.3.3, each route set
requires a download of features and extensive computational handling in order
to match these to the routes. This is a computationally intensive process which
takes several days to complete with the small route choice set which is currently
under consideration. This computation time can surely be reduced in future
implementations, but as a first trail (combined with the modest coding skills
of the researcher) a longer-than-necessary computation time must be accepted.
If such code were required to compute a substantially larger number of routes,
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this would place prohibitive demands on available computational power.
It is as such recognised that the quantitative results generated by this thesis

will be less powerful than they might have been. To o↵er a modest counterbal-
ance to this, two compensatory measures are taken.

First, as will be worked out in section 3.2.3, the thesis will include a signifi-
cance level (alpha) of 10%. This is substantially more permissive than what is
conventional academically. Nevertheless, by doing so this thesis hopes to cap-
ture a wider image of variables which might exhibit subtle e↵ects. Although
inconclusive, this will give a picture of other variables which might have an
e↵ect on route choice and may provide input for future studies.

Second, a qualitative verification. This permits for results which are obtained
through quantitative means to be explicitly compared to those features which
respondents say they find important. Here, it is recognised that both methods
test di↵erent things: the quantitative methods applied in this thesis draw lessons
through the ’revealed preference’ approach, in which it is posited that behaviour
is apparent from variables which the researcher can identify surrounding the
study object. Conversely, qualitative responses give insight in the motivations
and reasoning of people. These may over-attribute, be unable to express or
simply not be aware of certain elements. However, this thesis argues, this in
itself is a powerful control mechanism: if a feature is found to exhibit an e↵ect by
quantitative analysis, and this e↵ect is also mentioned in the qualitative study,
it gives double support for the finding.

Analysis 1: Route geometry

This thesis seeks to identify how features in the urban environment a↵ect route
choice. To understand the extent to which people are willing to go out of their
way to experience such a route, various geometric features of these routes need to
be considered. This study will quantify route geometry using the nine statistics,
each of which can be computed using route path data as input. An overview of
these variables is given in table 3.5. A definition of the variables is given below.

The first two variables general descriptions, with the remaining eight geom-
etry statistics are computed based on a set of walking route metrics posited
by Zomer (2021). Many of these statistics are based around the ’bearing line’,
which represents a straight line connecting origin and destination.

1. Route length: this dimension is relevant as it has implications for the
potential and realised catchment area of train stations. Assuming that the
Netherlands are mostly flat thus waiving the need to avoid steep slopes,
gives an immediate indication of the amount of e↵ort which people are
willing to commit to their trips.

2. Route overlap: this indicates the proportion of a given route which over-
laps with some baseline alternative route (e.g. the shortest path or least di-
rectional turns paths for sub-question three). This is relevant as it permits
for understanding the amount of substantive di↵erence between routes in
a choice set. Computationally, route overlap is defined as the proportion

39



TIL5060 - J.K. Krom Pedestrian route choice and the urban environment

of number of links of a route which lie wholly within a 30 m bu↵er around
the baseline route under consideration.

3. Detour ratio (definition given in eq. (3.2)): this gives the proportion be-
tween the revealed route distance and the bearing line, computed over
each respondent n and trip i. This is relevant as it expresses the addi-
tional distance covered by respondents when compared to the very min-
imum possible distance. In addition to this version used by Zomer, two
alternative interpretations of the detour ratio are computed giving the
detour ratio from the null hypothesis routes.

4. Maximum spatial deviation (definition given in eq. (3.3)): this gives an
indication of the furthest distance a route deviates from the bearing line
at a 90 degree angle. This is relevant as it illustrates the extent to which
people are willing to travel into a direction other than that of their des-
tination while en route to that destination. It also gives an indication of
the breadth of the walking area which pedestrians would consider to be in
scope for their trip.

Detour ration,i =
response line distancen,i
bearing line distancen,i

(3.2)

Maximum deviationn,i = Max(Yn,i) (3.3)

5. Eccentricity (definition given in eq. (3.4)): this gives the bearing line
length as a proportion of the combined distances from the origin and the
destination (here indicated by respectively O and D) to the point where
the route has achieved its maximum deviation (as defined above), here
indicated by F. In doing so, it gives a combined representation of the
detour ratio and maximum deviation variables.

6. Curvature (definition given in eq. (3.5)): this gives the extent to which a
respondent route di↵ers from the minimum route to the maximum devi-
ation point. Here, the deviation out to the maximum deviation point is
considered as the the main geographical ’curve’ described by a route. Any
additional distance as such indicates that a route takes more curves.

Eccentricityn,i =
bearing line distancen,i

Max(distanceO,Fn,i + distanceD,Fn,i)
(3.4)

Curvaturen,i =
Max(distanceO,Fn,i + distanceD,Fn,i)

response line distancen,i
(3.5)
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Analysis 2: Route aggregate

Route aggregate analysis studies the extent of di↵erence between two samples
of route types in terms of aggregate urban feature scores. This is relevant as it
describes whether some urban feature occurs significantly more (or less) often
along a routes which people (do not) like to take. This analysis type is based
on the incidence of urban features on each route in total.

(a) Hypothetical test sample (b) Hypothetical baseline sample

Figure 3.2: Illustration of sample construction for route aggregate analysis. The
images show how the numbers of trees per route are summed and saved into
a data vector. This is performed for both the test and baseline sample. For
analysis, these vectors are tested for similarity.

This method is illustrated in fig. 3.2. In that illustration, two samples of
routes are compared, each of which meet some criterion of interest (more on
this in section 3.2.3). For the present analysis type, the number of times in
which a certain feature (here, trees) occurs along the route is summed for each
route, and then combined into a list. These lists represent samples which can
be tested against each other.

If one route sample contains a given feature more often than some other
sample, it suggests that structural di↵erences may exist in terms of routes which
people like to take.

Analysis 3: within-route distribution

Urban features may not always be distributed evenly along a route. Indeed,
pedestrians, driven by a preference for certain features, may opt to experience
urban features in particular sequences. This type of analysis studies such dis-
tributional variation and is illustrated in fig. 3.3.

Within-route distribution analysis is in e↵ect a form of time-series analysis.
Ideally, this would be studied by means of a modelling technique such as autore-
gressive integrated moving average (ARIMA) (e.g. Brownlee (2017)). However,
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such an approach would require calibrating a model to fit trends observed in
the data under investigation, and subsequently compute deviations from it.

Instead, this thesis takes a similar approach to distribution analysis, as it
does to route aggregate analysis by applying descriptive statistics. THis is opted
for for two reasons: First, extensive calibration as required for ARIMA would
be highly time-demanding. Second, as far as this thesis is aware, hardly any
research has of yet been done on within-route distribution. Consequently, even
limited findings would constitute a contribution to the literature.

The implementation of the descriptive method is discussed to greater detail
in section 3.3.5.

(a) Hypothetical test sample (b) Hypothetical baseline sample

Figure 3.3: Illustration of sample construction for within-route distribution anal-
ysis using the same hypothetical case as in fig. 3.2. Now, the numbers of trees
are counted per route quadrant and saved into a vector for that quadrant. This
is performed for both the test and baseline sample. For analysis, each pair of
quadrant vectors are tested for similarity.

Verification: qualitative responses

The data types which are derived from the traditional MNL utility function per-
mit for the quantitative study of the research questions which this thesis seeks
to answer. When combined with the variable types suggested by literature and
experts, a body of variables is accumulated upon which route choice should rea-
sonably be able to be determined. However, it is important to realise that these
variables constitute a rationale which is superimposed upon a respondent pop-
ulation which might not confirm to this rationale. Simply put: elements which
are suggested as relevant in studies performed elsewhere might not be relevant
for the people who end up filling in the survey of this thesis. Consequently, the
validity of the selected variables for the present study must be tested.

Such validation is hard to perform conclusively. One manner by which it
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might be achieved is through follow-up in-person interviews with a sample from
the respondent population. This would however require personal contact details
from respondents, leading to a reduced willingness to participate. Moreover,
selection e↵ects might bias the population which agrees to leave behind contact
details. Also, the sample might not be reflective of the full population.

Instead, this thesis performs the validity test by asking respondents to pro-
vide a brief free-form textual motivation as to why they (don’t) take each each
route which they submit to the survey. This question, which is voluntary, per-
mits respondents to control the amount of private information they reveal, thus
containing ethical risks and respondents’ hesitancy to contribute. By permitting
each respondent to provide the information in their own words without fixed
word limit, this permits the survey to both capture a direct insight into re-
spondent’s actual lived experience, whilst simultaneously covering the breadth
of the full respondent population. This technique is not perfect: it assumes
respondents are consciously aware of their choice behaviour. This creates a risk
of choice-supportive bias in results.

This method delivers a set of inherently qualitative data, which cannot be
analysed through the main quantitative methods which hav ebeen described so
far. Following the instructions by Crang (2005) on human-geographic qualitative
analysis methods, this textual data will be analysed by means of text coding. In
this technique, responses are individually reviewed for any route choice variables
which might me discerned in them. Each identified variable is assigned a code.
Codes are subsequently assessed for similarity and aggregated as far as possible
without losing too much detail. Additionally, each variable-code is checked for
respondent sentiment: whether a respondent perceives the mentioned variable
as an attracting or repelling dimension to route choice. Combined, this builds
a body of codes which can be counted, with most-featuring codes representing
route choice variables which are most important to respondents.

3.2.3 Statistical analysis

Data tends to contain substantial internal variance. To determine whether any
of the sample pairs di↵er significantly, statistical tests must be applied. As it is
not possible to properly perform a modelling study with the achieved response
rate, descriptive statistics are applied. As modelling is discarded it is not pos-
sible to determine ’weights’ per variable, making multivariate testing overall
challenging. In order to contain complexity, this study will solely perform tests
on a per variable-basis: no interactions between urban variables are tested.

Tests on trail data indicated that within-route distribution samples are more
likely to be normally distributed than (non-standardised) route-aggregate data
samples. Consequently, non-standardised route-aggregate samples will only be
tested through non-parametric tests. Standardised route-aggregate samples are
tested through both parametric and non-parametric means. Finally, within-
route distribution tests are also performed through mixed parametric and non-
parametric means.

As introduced at the onset of this chapter (section 3.1.1), this thesis makes
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the intention of sub-questions three and four explicit by redefining them in terms
of null hypothesis tests. These definitions describe the questions as comparisons
between di↵erent types of route categories. For the purpose of statistical testing,
these categories will be defined as ’samples’. First, a description of the sample
selection procedure is given. After that a description of the statistical tools will
be given by which di↵erences between these samples can be are analysed.

Sample selection

Route aggregate analysis and within-route distribution analysis are performed
by either directly or indirectly comparing two alternating samples of data by
means of a selection of statistical tests. These samples will subsequently be
referred to as the ’test sample’ and the ’baseline sample’, with results reported
in terms of the deviation of the test sample from the baseline sample. Both
samples represent di↵erent subsets of routes, based on some criterion of interest.
Tests are iterated across all applicable variables independently. What exactly
either sample entails varies per test and will be detailed below. Considered
together, each set of two samples is referred to as a ’sample pair’.

• For sub-question three, tests are performed between respondent-provided
routes and the null hypothesis routes.

• For sub-question four tests are exclusively performed between respondent-
provided routes, with the inclusion of the subjective variables. The vari-
able ’frequency’ is used as criterion in sample construction.

The sub-questions will be answered by applying a structured sample compo-
sition strategy that is the same across both questions. As noted in section 3.2.1,
a route ’frequency’ indication is assigned by respondents for every route which
they have provided. For this, they were given the option of assigning one of five
frequency classes: (1) ’never’, (2) ’sometimes’, (3) ’regularly’, (4) ’often’, (5) ’al-
ways’. Additionally, from these classes a ’most’-used and ’least’-used frequency
class can be defined. Such definition is relevant because not all respondents
have assigned every frequency class category (in fact, with five classes and only
three routes to be entered, this is impossible). By defining a ’most’ and ’least’
class, this permits for the construction of sample pairs which contain a response
for every respondent, thus increasing the body of data from which lessons may
be derived. A full list of sample-pairs is given in table 3.6.

As noted in section 3.2.1, this thesis also considers several interaction vari-
ables which are related to the respondent’s personal background. To assess
interaction e↵ects, samples are cropped to only include routes which match a
specific interaction e↵ect category. Interaction e↵ects are as such tested on
subsets of the original sample pairs.

Sample-pairs have been selected following two rationales: First, by testing
between route types which exhibit maximally di↵ering frequencies of use, it
is assumed the biggest di↵erence will be found between urban features which
respondents like and which they do not like. The larger such di↵erence, the more
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Table 3.5: Overview of indicators of route geometry. All values are represented
by ratio values.

Variable Type
1 Route length averaged
2 Overlap vs. shortest path averaged
3 Overlap vs. ldt path averaged
4 Detour ratio vs. bearing line averaged
5 Detour ratio vs. shortest path averaged
6 Detour ratio vs. ldt path averaged
7 Maximum deviation averaged
8 Eccentricity averaged
9 Curvature averaged

Table 3.6: Overview of the comparisons between test samples and baselines
samples performed in this study, including a breakdown per sub-question (indi-
cated by R.Q.). Note that each sample comparison is performed for two route
directions: trips from an external destination to a train station, and vice versa.

R.Q. Test sample Baseline sample
3 Most-used route SP-route
3 Most-used route LDTP-route
3 Least-used route SP-route
3 Least-used route LDTP-route
3 Freq. class (1) SP-route
3 Freq. class (1) LDTP-route
3 Freq. class (5) SP-route
3 Freq. class (5) LDTP-route
3 Freq. class (2) SP-route
3 Freq. class (2) LDTP-route
3 Freq. class (3) SP-route
3 Freq. class (3) LDTP-route
3 Freq. class (4) SP-route
3 Freq. class (4) LDTP-route
4 Most-used route Least-used route
4 Freq. class (5) Freq. class (1)
4 Most-used intermed. freq. Least-used intermed. freq.

45



TIL5060 - J.K. Krom Pedestrian route choice and the urban environment

evident this should be from a statistical test, which in turn permits for clearer
insights. Second, to control for the ’always’ and ’never’ frequency classes which
some respondents have entered. These classes are by definition exclusionary: if
a given route is ’always’ taken other routes are ’never’ taken. To control for
this, tests are rerun with the intermediate frequency classes ’often’, ’regularly’
and ’sometimes’. These intermediate classes encompass scenarios that witness
a more active form of route choice on behalf of the respondent.

Note that for tests to be valid the subsets of respondents from which sample-
pairs are drawn are identical for both samples: all respondents who feature in
the test sample must feature in the baseline sample and vice versa. Additionally,
the number of times respondents feature in these samples must be equal for all
respondents in the sample. In terms of sample size, note that respondents could
choose from five frequency classes, but only entered three routes. Respondents
may therefore not have routes which are eligible for each condition of interest.
This causes sample sizes to fluctuate between tests. For all tests a minimum
threshold of 20 responses is applied, which is the minimum sample size stipulated
by the SciPy statistical testing package which is used for analysis (more on this
in section 3.3.5). The number of respondents for tests are reported in the raw
data tables in appendix F.

Data standardisation

When route aggregates and within-route quadrants indicators are computed,
route aggregate analysis tests can in principle be performed. However, such
data may contain variance which obscures underlying patterns. For within-route
distribution analysis further preparation is required. Two issues are identified:

1. For route aggregate analysis: A potential lack of normally distributed
data. The most powerful descriptive statistical tests are generally opti-
mised towards normally distributed data. However, there is no guarantee
that the data which is obtained through this study meets this requirement.

2. For within-route distribution analysis: two compared samples might con-
tain di↵ering route-level totals of features. This may skew an under-
standing of distribution of these features: if one route has higher feature
incidences overall than some route is it being tested against, clusters in
the latter might be obscured.

For route-aggregate analysis: in order to be able to identify more patterns in
the available data, a parallel ’standardised’ data set is generated. This permits
for wider application of the statistically powerful t-test. This standardised data
set is computed by scoring feature incidences of the test sample in terms of
their relative di↵erence from corresponding feature incidences on the baseline
sample. Following Törnqvist, Vartia, & Vartia di↵erences are expressed in terms
of log-percentages (eq. (3.6)). Log-percentages are applied as these express both
positive and negative di↵erences in the same absolute number. This creates a
more evenly distributed distribution. Note that by applying this method each
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route pair is now represented by a single di↵erence index. This means that this
data requires the application of one-sample rather than two-sample tests.

Log% route
baseline

= 100 · loge(
featurescoreroute

featurescorebaseline
) (3.6)

For within-route distribution analysis, data must be standardised in order
to permit for a focused study of distribution e↵ects. Deviations stemming from
di↵erences in route totals need to be evened out. For standardisation, a correc-
tion is applied per respondent expressing the di↵erence of one respondent from
the two-sample mean. This is expressed mathematically in eq. (3.7). This fac-
tor is applied to all link-level scores for a respondent’s test sample route. This
process is iterated across all respondents in the sample-pair.

score
standardised

link
=

score
ts
route

score
bs
route

· score ts

link
8 link 2 route (3.7)

Statistical framework

If sample pairs are di↵erent on some variable, this may indicate that a di↵erent
preference for this variable exists in the population. E.g.: if the ’most’-taken
route test sample features more trees than the ’least’-taken route baseline sam-
ple, this may imply that people like to have trees on the routes which they
walk. However, data contains variation. To perform tests which control for this
variation statistical tools need to be applied.

Each sample pair tests for the di↵erence between two samples. Generally
speaking, this can have three possible outcomes: first, that neither sample con-
tains significantly larger of smaller values than the other. Second, that there is
a significant probability that the test sample contains larger values than the test
sample. Third, that there is a significant probability that the baseline sample
contains larger values than the test sample.

These di↵erences are identified according to a null hypotheses which have
been defined for a test. These null hypotheses have been defined generally in
section 3.1.1. However, in order to operationalise these for the tests which are
performed a slight redefinition is in order. This will be detailed along with their
overall implementation in section 3.3.5.

For route aggregate analysis, a non-standardised version of the data is
tested and a standardised version of the data is tested. The testing approach is
outlined in fig. 3.4. For the non-standardised version of the data, a test is re-
quired which can compare two independent samples of continuous data. Visual
tests indicate that most samples are not normally distributed. For this, the non-
parametric two-sample Man-Whitney (M-W) test is applied. This test is highly
comparable to the two-sample Kolmogorov-Smirnov (K-S) test. As noted by
Özçomak, Kartal, Senger, & Çelik (2013), both tests share three requirements:
”[1] Every sample is chosen randomly from the population it represents; [2]
The measurement scale is sequential at least; [and 3] The basic observed vari-
able is a continuous variable” (p. 83). However, the M-W test only requires
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point sequences to be independent from each other, whilst the K-S test required
both full samples to be independent. This latter requirement is problematic for
sample-pairs tested under sub-question four. Here, both sample pairs contain a
route which was entered by a respondent. This means that the samples are not
fully independent: after all, both samples contain routes which the respondent
actively provided. This as opposed to sample pairs in sub-question three, where
respondent routes are tested against locally computed null hypothesis routes
(i.e.: routes which the respondent did not personally provide). Although this
e↵ect is considered to be minute enough to still permit use of the t-test, if given
such a distinct choice the M-W test would seem more desirable.

For the standardised version of the data, the di↵erence between two samples
is merged into one relative variable which is more likely to be normally dis-
tributed, as was noted in section 3.2.3. To determine normality the Agostino-
Pearson, Liliefors- and Shapiro-Wilk test tests are applied in parallel at ↵ =
0.025. Samples that score p � ↵ on either test are deemed to be normally dis-
tributed. The low threshold of 2.5% is applied to obtain as many candidates for
t-test testing as possible. Each test is widely-cited and has notable advantages
on di↵erent points (e.g. the D’agostino-Pearson test is considered the default
”normal test” in the much-used Python SciPy library SciPy (2021b), whilst
academic research shows merits of the other tests (Razali, Wah, et al., 2011)).
As all tests are optimised towards slightly di↵erent objectives, all three tests are
applied in parallel.

Data which is normally distributed is tested with the one-sample t-test lo-
cation test. This is generally viewed as one of the most powerful statistical
tests for normally distributed data. For non-normal data, a one-sample non-
parametric location test is required. For this, the Wilcoxon signed-rank test is
applied, as a review of the academic and gray literature recommend it as the
non-parametric equivalent of the one-sample t-test (e.g. Armstrong & Hilton
(2011) or Sche↵ (2016)).

Figure 3.4: Test selection procedure for route aggregate analysis.

For within-route distribution analysis, the testing approach is outlined
in fig. 3.5. Visual inspection shows that data is more often normally distributed.
Consequently, each sample per sample-pair is tested for normality using the
same three-test method applied for standardised data route aggregate analysis.
Sample-pairs in which both samples are found to be normally distributed are
analysed using the two-sample t-test. Samples in which at least one sample
per sample-pair is not normally distributed are again analysed using the non-
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parametric two-sample M-W test detailed above.

Figure 3.5: Test selection procedure for within-route distribution analysis.

Upon application of these tests, a data set is compiled consisting of p-values
and directions of deviation. In order to make statements on this data, it is
tested at three significance levels: ↵ = 2.5% , ↵ = 5.0% and ↵ = 10.0%. Hereby
2.5% and 5.0% are chosen following academic convention. Of these, the 2.5%
threshold represents the most stringent criterion and is used to identify variables
upon which substantive di↵erences are found between test and baselines samples.
In contrast, the 10.0% threshold is highly permissive and does not lend itself
for any kind of conclusive statement. It is however applied nonetheless so as
to obtain a sense of variables that might yet be of interest for future larger-
sample studies. For instance it may be used to identify features of relevance
with regards to interaction e↵ects.

With the method described above, series of successive tests are performed
on sample pairs. In doing so, a ’familywise’ error rate may occur, which needs
to be controlled for. This is controlled for in the application of significance
thresholds. With this many successive tests, there is a level of uncertainty equal
to the applied significance threshold per individual test. This means that, even
if there is no di↵erence in the population, that threshold’s equivalent percentage
of tests will test significant anyway.

One common tool by which familywise errors can be controlled for is the
’Bonferroni correction’. To test for the robustness of the results, all tests are
therefore re-run with this correction. Under this correction the significance level
↵ for each variable is corrected using eq. (3.8). Note however, that this correction
is particularly conservative, and there is ample debate on its suitability (e.g.
VanderWeele & Mathur (2019) or Armstrong (2014)). In application therefore
results will first be reported for the tests including the Bonferroni correction. If
only very few significant results are found when the correction is applied, the
uncorrected results are also reported.

p� valuevar =
↵var

#tests
(3.8)

3.3 Implementation

This section details the technical implementation of the process which was de-
scribed on a high-level in appendix 3.2. First, survey design will be discussed.
Second, the extensive data preparation process is detailed, including data clean-
ing, map-matching, and null hypothesis route computation. Third, the section
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discusses how urban features are loaded and assigned to specific routes. Finally,
the statistical testing process is worked out.

Unless mentioned otherwise, data processing is performed though a series of
18 python scripts, combined with visual inspection of geographic data in QGIS.
Notebook versions of these scripts are available in chapter G. For the sake
of brevity only those Python packages which are used for key computations
will be mentioned in the text. A word on terminology: this thesis identifies
’links’, ’nodes’ and OD-points. Links and nodes refer to network or graph
structures: nodes represent geographically-fixed points and links are straight
lines connecting these points. Paths and routes refer to trajectories across this
network: distinct sequences of nodes and links connecting OD-pairs. Finally,
OD-points represent the origin and destination pair for each respondent. For
this study, one of these points must be a train station, the other an external
location. The list of train stations and coordinated used for this study has been
obtained through Nederlandse Spoorwegen (2021).

3.3.1 Survey design

For this study, a survey tool is needed which permits both questionnaire and
mapping functions. The following platforms are considered: Maptionnaire (Map-
tionnaire, 2021), Canvis.app (Canvis.app, 2021), ArcGIS Survey 123 (ESRI,
2021) and KoBoToolbox (Harvard Humanitarian Initiative, 2021). In review,
it was decided that ArcGIS Survey 123 best fit the needs required for the
present project, as it was available to the researcher at no additional cost, of-
fered adapted client-side layouts for both regular computers and mobile devices,
and permitted data to be both collected and stored in a GDPR-compliant way
through its harmonisation with the TU Delft user account environment. This
latter condition has been codified in a data management plan which was ap-
proved by the TU Delft Ethics Committee on the 29th of June 2021.

Surveys in the ArcGIS Survey 123 environment are developed using the XLS
Forms interface. The survey was developed in an iterative manner consisting
of three steps per iteration: development, piloting and review by project super-
visors. Approximately four iterations were needed to come to a survey which
could be deployed. Draft surveys were piloted across a total of ten pilot re-
spondents. For representativeness, pilot respondents were deliberately varied in
terms of age, gender and location of domicile. All pilot respondents who the
researcher could access had completed at least an academic or applied sciences
bachelor degree, which implies that the survey could not be tested in terms of
its suitability for participants who have been less theoretically trained.

In addition to a wealth of minor adjustments, trails resulted in the discovery
of two structural issues and led to one decision. First: a declining willingness
and focus to answer questions over time. This resulted in lower resolution data
on later entries. Second, the need for digital literacy. Particularly older pilot
respondents struggled with the digital environment of the survey tool. This
resulted in lower-quality data, especially on the map-based survey elements.
Monitoring sessions found that these elderly respondents took up to three times
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as long to complete the survey when compared to twenty-year-olds. This e↵ect is
foreseen to bias the survey towards younger and more technologically educated
respondents.

Based on these observations, it was decided to limit each survey to a total
of three routes per survey. So as to represent a route choice set, all three routes
must run between the same pair of OD-points.

To make the survey accessible to an as wide audience as possible, both a
Dutch and English version are developed. The final version of the survey is
enclosed in appendices D (English version) and E (Dutch version).

The final version of the survey encompasses a total of 61 questions, of which
54 closed-form questions, three open questions, and four map-based questions.
These questions encompass questions on known routes, subjective route expe-
riences, qualitative motivations and personal backgrounds / interaction e↵ect
data. Each batch of questions is presented on a new ’page’, each of which is
preceded by a brief introductory text and/or image.

For known route data: respondents are prompted with a series of maps. The
first map requires them to enter a point representing their non-station OD point.
Subsequently, they are asked to manually draw their known routes on three
successive maps. This drawing is done by entering polylines consisting of nodes
connected by edges. The station OD-point is obtained through a closed-form
question containing all stations in the Netherlands (Nederlandse Spoorwegen,
2021).

Questions on qualitative motivations are asked as a single open-form ques-
tion immediately following the drawing of the route map. By asking this imme-
diately after drawing, it limits confirmation bias or plain forgetfullness e↵ects
which might be caused by first requiring respondents to answer other questions.
Questions on subjective experiences are asked as a batch of closed-form ques-
tions following the qualitative motivations field. Note that the motivational and
subjective question batch are repeated for each known route map.

Questions on respondent background / interaction e↵ects were asked in two
parts: Questions on a respondent’s mobility experiences are asked first, by
means of warming up. Questions on the respondent’s personal background
(gender and age) are asked at the end by means of cooling down.

All in all, the survey is designed so that respondents who are moderately
skilled with digital tools and have a theoretical thinking ability equivalent to
that of an applied sciences degree should be able to complete the survey in 20
minutes time. This duration is found to be a point after which pilot respondents’
attention span started to decline noticeably. The final survey’s duration in
accordance to this aim was verified by pilot respondent monitoring. A copy of
the survey can be found in the appendix.

3.3.2 Route data preparation

In order to align survey data so that it can be used for statistical analysis, several
preparatory steps are required. To come to a uniform data set, these steps are
centered on respondent route data. Firstly because it is critical to this study’s
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main analysis. Secondly, the route-data entry field represents the greatest free-
form entry field of the survey, making it highly sensitive to misinterpretation.
Thirdly, the free-form nature of route data makes it easier to identify flaws.

Error identification

Respondents make errors or may be unclear in the responses. As the survey is
anonymous it is impossible, and for reasons of bias-prevention also undesirable,
to ask individual respondents what they meant by their answers. To study
route choice, a varied choice set is required per respondent. Moreover, varying
route choice set sizes are hard to implement technically. As such it is decided to
delete an entire response as soon as one route is found to be invalid. To come
to a uniform and structured manner of error identification, five algorithms are
applied:

• Total route length. This study investigates routes which are used for util-
itarian access / egress of train stations. As mentioned in the literature
review (section 2.1), walking is the most dominant or second most dom-
inant mode up to 2.3 km, and plays some role up to 6 km (Shelat et al.
(2018)). Routes which are (much) longer are likely to represent qualita-
tively other type of route or erroneous response. Providing a comfortable
bu↵er, all respondents who have entered routes in excess of 10 km (ap-
proximately 2 hours of walking) are discarded. Note that this is a very
permissive range which might include responses which are erroneous (e.g.
people who drew their bike trip). This risk is consciously accepted.

• Between-node length. This is used to identify routes which are entered at
a resolution which is too low for routes to be meaningfully mapped onto an
infrastructure network. As train stations are based in (semi-)urban areas,
most walking routes to or from a station will contain a number of turns.
Following manual inspection of survey data for a realistic threshold, it was
decided to discard all responses containing links in excess of 2 km.

• OD-point deviation, station-side. This is used test whether routes drawn
by respondents begin/end at a train station. Routes for which the route
head nearest to the station is more than 500 m from the station are re-
moved. This threshold is based on the maximum platform length in the
Netherlands, which is at least 340 m ProRail (2020), complemented with
a comfortable margin to allow for network connectivity and respondent
error. Responses containing routes in excess of this threshold are deemed
not to represent access or egress trips and are deemed irrelevant to the
study. Note that all three routes must be within this radius. If any of
the three routes isn’t the respondent is considered to have drawn a line
elsewhere and is discarded.

• OD-point deviation, non-station side. This is used test whether routes
drawn by respondents begin/end near a single non-station OD-point. Two
tests are performed:
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(a) Total route length: responses which
contain routes which are longer than 10 km
are rejected.

(b) Between-node length: responses which
contain links which are longer than 2 km
are discarded.

Figure 3.6: Illustrations of the criteria by which routes are rejected.

Figure 3.7: OD-point deviation, station-side: responses where the station-side
route head deviates by more than 500 m from the station OD-point are discarded

1. A test is performed whether all three of a respondent’s route heads
on the non-station side are within 200 m from each other. This is
illustrated in fig. 3.8a. This threshold is chosen so that (most) larger
buildings can be covered. If this is exceeded, routes are considered
not to cover the same OD-pair, and are discarded.

2. A test is performed whether the mean location between heads is
less than 50 m from OD-point which was separately indicated by
the respondent. This is illustrated in fig. 3.8b This threshold is the
tolerance which respondents were told was permitted in the survey.
If the user-indicated OD-point lies within the threshold, the routes
are accepted as valid. If the threshold is exceeded, a respondent
is considered to have drawn three valid routes routes to the same
destination, but to have misplaced its OD-point. In such case, the
user-indicated OD-point is discarded and the mean of all three route
head is considered to represent the new non-station OD-point.

• Route similarity. This test is used remove responses which lack a varied
route choice set. If respondents have one route only, they have no route
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’choice’ to make and as such provide no information at to the their pref-
erence for certain variables. Consequently, responses containing only one
route (the same route drawn three times), are discarded. This criterion is
applied in a way that is similar to route overlap.

(a) Head mismatch: responses where non-
station OD-point route heads are more
than 200 m apart are rejected.

(b) Non-station OD-point vs. route end
mismatch: cases where the mean of route
ends is more than 50m from the OD-point,
a new point is defined.

Figure 3.8: Illustrations of the criteria by which routes containing mismatched
on their non-station OD-points are rejected or amended.

In addition to the application of these criteria, a check is performed with regards
to route drawing direction. Respondents have drawn routes into the survey GIS
function manually. In doing so, they were free to decide where they might start
their route lines and end them. As a consequence, some routes have been drawn
from the station to the external OD point whilst others did so in the opposite
direction. In the ArcGIS Survey 123 application, these drawing directions are
preserved in the coordinate-sequence outputs. Such di↵erent drawing directions
would cause problems when routes are analysed for within-route distribution,
as this considers all routes in parallel to each other and thereby assumes that
these all start at the station and run to the external OD-point.

To control for this, a route alignment algorithm is applied. With this algo-
rithm all routes are aligned so as that their coordinate sequences start at the
station-side of the route. This algorithm tests each route sequence as to whether
the route head is closer to that respondent’s station or OD-point. If the OD-
point is found to be closer to the top route head, the coordinate sequence is
reversed. A few cases where routes caused errors (e.g. for poorly drawn lines in
which distancing versus the station and OD-point did not check out), manual
interventions were required.

With all coordinate-sequences aligned to start at the station-side and end
at the OD-point, lines can be completed. This is done by extending a line from
the first route head to the station-node, and similarly extending a line from
the bottom route head to the OD-point as is illustrated in fig. C.1a. With this
step completed, a route database is obtained with three hand-drawn routes per
respondent, running from the station node to each respondent’s external OD-
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location. This extension is needed to as to standardise the data in terms of
route length and access/egress routes. By extending lines to the station, it is
guaranteed that all routes lead to a uniformly defined station point. Note that
this might cause di↵erences from the routes taken by respondents with regards
to stations with many platforms or which have entrances which are spaced far
apart from each other. Nevertheless, this error is assumed to be equal across all
respondents, as very few people will in fact board their train at the very heart of
the station (which is the location represented by the station-point coordinates).

Map matching

The route-data tool in the survey requires respondents to draw routes manually
by tapping nodes on the map. Although this permits users to enter routes
at some level of detail, user patience and willingness to provide such detail is
limited. As such, it cannot be assumed that all routes are entered with a level of
detail that corresponds to an actual infrastructure network which is accessible
for pedestrians. To control for this, user-entered routes must be aligned with
the existing pedestrian-accessible infrastructure. This entails an exercise which
is referred to as ’map matching’.

The map matching algorithm which was developed for this study consists of
a six-step method based on a combination of masking and Dijkstra’s shortest
path computations. A detailed illustration of each step can be found in appendix
C.

1. Route masking, illustrated in fig. 3.9a.

A mask (or bu↵er) is cast around each respondent’s bearing line (the
straight line connecting a respondent’s OD-points), as well as all individ-
ual routes entered by the respondent. The measurements of the bearing
line mask are based on the notion of a ’potential path area’, discussed
by Zomer (2021) in the context of a rather comparable study on cyclist
behaviour: ”[a] projected ellipse of the space-time diagram on the sur-
face, which represents all locations that a person can occupy during the
time available between two sequential activities”. As applied by Zomer,
bearing line masks are set with a width equal to the maximum deviation
a respondent route takes from the bearing line (to a minimum of 1/7th

of the bearing line length). Note that to save computational complexity
the mask which is cast in the present project is not ellipsoid, but a rather
a rounded rectangle. Note that even though the work by Zomer focuses
on cyclists, this is deemded to be applicable to pedestrians also. Cyclists,
as fast-moving objects are - if anything - to be expected to need a larger
base network from which to choose their routes than pedestrians. Follow-
ing this principle in a pedestrian-oriented study as such implies a ’safe
bet’: a network size that works for cyclists most likely works for (slower)
pedestrians also.

Route-level masks consist of a merger of a relatively narrow mask around
the route itself, and a wider bu↵er around the OD-points. The route mask
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must be as narrow as possible so as to avoid capturing alternative paths,
yet wide enough to contain for user errors and capture (most) nodes of
the user’s actual route. Tests on data from survey pilots showed that a
30 m mask meets these requirements. The OD-point mask is cast fairly
wide due the need to capture su�cient graph edges in complex station and
housing environments. Survey pilot data showed that a 130 m mask is the
minimum range necessity to permit access and egress of Utrecht central
station. As one of the largest stations in the Netherlands, a weakest-link
reasoning suggests that a mask which su�ces for this station, will almost
certainly be enough for other stations as well.

(a) Masks are cast round respondent routes
and the bearing line.

(b) A bearing line mask-based Open-
StreetMaps network is downloaded.

Figure 3.9: Map-matching algorithm, illustrated

2. Network downloading, illustrated in fig. 3.9b.

Masks are used as a template to download undirected graphs of each used
pedestrian network. The base pedestrian network in the region around the
bearing line is downloaded from OpenStreetMap (OSM) (OpenStreetMap,
2021a). This is done using the OSMNX python package (Boeing, 2017).

The choice for OSM is based on several assumptions. As OSM is a crowd-
sourced database, there is a risk that its data is not fully up to date. It
has however been chosen for three reasons.

(a) Ease of availability: OSM data is freely downloadable through various
channels, and not subject to paywalls.

(b) Pedestrian sensitivity: as OSM is maintained by a large base of com-
mitted non-professionals, it is more likely that people will have en-
tered ’informal’ trails, shortcuts and other pedestrian-accessible path-
ways than more formal services might contain.

(c) Industry standard: review of both academic and practitioner liter-
ature suggests that OSM is accepted as something of an industry
standard for spatial analysis. Downloads from OSM are performed
using the graph-from-polygon functionality of OSMNX, because this
permits for an e�cient integration of OSM network data with more
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mainstay Python geographical analysis tools such as NetworkX and
Shapely.

Walking is the most basic and flexible form of human mobility. Capturing
such 360-degree mobility in the form of a node-link network or graph is
e↵ectively impossible. A network or graph is however substantially easier
to analyse computationally than a kind of ’open world’ format. Conse-
quently, some level of abstraction must be accepted. Moreover, a manual
review of OSM networks for places the researcher is personally familiar
with in the QGIS environment showed that a variety of link types would
be ’walkable’ in reality, in contradiction of the OSM documentation. As
such, a somemewhat diverse basket of OSM link types must be included
in the base network download. Fortunately, OSMNX o↵ers downloads on
a series of pre-specified ’network types’ in which links have been aggre-
gated to fit with each mode. Tests on pilot survey data indicated that an
adequate pedestrian network is obtained when a merger of the OSMNX
’walk’ and ’bike’ network types. For reference, the current definition of
these OSMNX network types in the OSM feature tag structure is given in
table 3.7.

(a) The network is truncated to route-level
masks.

(b) Truncation may cause networks to frac-
ture into sub-graphs. Fixing links in gray.

Figure 3.10: Map-matching algorithm, illustrated

3. Network truncation, illustrated in fig. 3.10a.

The overall network is truncated to the route-level mask, so as to obtain a
set of candidate links for the respondent’s route. The truncation operation
may cause the route network to fracture into a series of disconnected sub-
graphs, an issue which pilot survey data found that happened occasionally
at city market squares (where the OSM network only included routes
around, but not across the square). To resolve this issue, a node linking
algorithm was developed which seeks out the each sub graph’s closest
point of contact to the nearest other subgraph, and subsequently adds a
link connecting these nodes (illustrated in fig. 3.10b). This algorithm is
performed iteratively until all sub graphs in the truncated network are
again connected.
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(a) To determine routes, Dijkstra’s shortest
paths are computed on map-matched ver-
sions of respondent routes across the trun-
cated network.

(b) Matched respondent routes (white),
shortest path (long dash), least turns path
(short dash), original survey input (gray
dash).

Figure 3.11: Map-matching algorithm, illustrated

4. Route computation, illustrated in fig. 3.11a.

The network node nearest to each OD-point is identified, and performs a
Dijkstra’s shortest path across the truncated network. To ensure compara-
bility in terms of route length, all of a respondent’s routes are set to depart
from the same pair of nearest nodes. These now serve as a substitute for
the respondent’s original OD-points. The shortest path is computed using
the OSMNX shortest path functionality. As the truncated network o↵ers
no (or only very few) alternative routes, this delivers a route which closely
corresponds to the route which the respondent drew in the survey. The
route is now considered to be map-matched.

Manual checks on pilot survey data confirm that the algorithm achieves a re-
markably higher resolution than the tested ready-to-use packages, but requires
a longer computation time. Routes are identified which match to the user-
entered data at an accuracy of the route bu↵er (30 m), calibrated with the need
for available links facilitating left- or right turns. This is generally su�cient to
identify the specific road or path which a respondent takes. For routes through
networks of smaller streets (e.g. residential neighbourhoods), this data is insuf-
ficient to conclusively determine which side of the road a respondent has opted
to walk on. Areas with wider (multi-lane) streets are determined with a greater
confidence

As can be seen in fig. 3.11b, matching accuracy isn’t constant across an
entire route: some deviation from the user-entered route occurs in the immediate
vicinity of the station area. This is caused by the wider mask which is applied
to each OD-point. As these issues occur exclusively in the immediate vicinity of
station areas and only to guide pedestrians towards the onward direction of their
route, whilst this study seeks to study route choice as a whole, this limitation
is deemed acceptable. For an in-depth understanding of such facility-level route
choice behaviour micro-level studies are recommended.
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Table 3.7: Specification of OpenStreetMap data element tags for the package-
defined OSMNX aggregate network types ”Walk” and ”Bike”, as of 29-08-2021.

Type - Operation Key Value
Walk - Included [highway ”yes”

- area]
Walk - Excluded [foot] ”no”

[service] ”private”
[highway] ”abandoned”, ”bus guideway”,

”construction”, ”cycleway”, ”motor”,
”planned”, ”platform”
”proposed”, ”raceway”

Bike - Included [highway ”yes”
- area]

Bike - Excluded [bicycle] ”no”
[service] ”private”
[highway] ”abandoned”, ”bus guideway”,

”construction”, ”corridor”, ”elevator”,
”escalator”, ”footway”, ”motor”,
”planned”, ”platform”, ”proposed”
”raceway”, ”steps”

Null hypothesis paths

As part of this study the (self-reported) revealed preference user-drawn routes
are to be compared with two null hypothesis routes: the shortest path and least
directional turns path. To ensure that these routes have a level of accuracy that
is equivalent to the map matched routes, the shortest path and least turns path
are computed by drawing on the same OSMNX (non-truncated) bearing line
mask network download.

For the shortest path, the procedure is simple: the same OSMNX shortest
path functionality is again applied. As it is now applied across the non-truncated
network, more routes are available and a new (shortest) path between the OD-
points is found. For the least turns route ’costs’ are based on the aggregate of
the number of degrees by which a user needs to turn direction at each node.
To come to such a definition, the base network must be redefined to reflect the
angle at which separate link segments meet as ’cost’ of link traversal - a so-called
’dual graph’. For this, the GeoDataFrame-to-NetworkX functionality from the
Python Momepy package is used. Once the network is redefined as dual graph, it
is again possible to compute the least directional turns (which is in e↵ect simply
a ’lowest cost’-route) using the OSMNX shortest path functionality which has
been specified to apply ’angle’, rather than ’length’, as costing parameter.

Although these routes are computed on the same bearing line network down-
load, it is not possible to apply the sub-graph linking algorithm. This makes
the SP these paths somewhat less realistic than they might have been. Unfortu-
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nately, no easy fix seems to be available to this issue as squares, fields and other
areas with no distinct line-wise structures are hard to identify conclusively.

3.3.3 Loading urban features

Upon completion of the data preparation phase, the data for each respondent
contains five routes: three map-matched routes based those provided by the
respondent, and two null hypothesis routes computed by the researcher. In
order to determine how features in the urban environment a↵ect route choice,
the quantity and quality of urban features along each route must be deter-
mined. Moreover, to study whether respondents display a spatial preferences in
these features, a method is needed to assess the distribution of them along each
route. Drawing on the logic used for the map-matching process, urban features
are compiled using three-step mask and graph-based approach. The process is
illustrated in appendix fig. C.5.

1. Feature download:

A mask is cast around the graph-version of the map-matched route. A
downloader algorithm is purpose-built for this study which sets a mask as
bounding box through which to download the variable of interest dynam-
ically through the Web Map Services or Web Feature Services feeds made
available by the source.

2. Feature selection:

Following download, the urban features located within this mask are se-
lected for consideration. The width of this mask may vary according to
the variable under consideration: for instance tra�c signals are only rele-
vant when these are encountered on the route itself thus requiring only a
narrow mask. In contrast, natural or architectural features are observed
as a backdrop for the route, and may as such require a wider mask. Masks
range is set following a trail and error process on pilot data. The following
reasoning is applied per mask:

(a) Tra�c lights: when passing an intersection, pedestrians most likely
only encounter two (or exceptionally three) tra�c lights. Neverthe-
less, large intersections may contain far more signals. The 15 m range
limits the number of signals which are found. Moreover an alorithm
is applied to reduce the number of signals per link down to one so as
to remove signals which are unintentionally captured.

(b) Staircases: These are represented as route-lines in the data. As some
staircases are wide, multiple lines might feature close to each other
in the data. In order to avoid capturing more than one such route
line, a restrictive 5 m mask is set.

(c) Building-related characteristics: Here, a mask is desired which cap-
tures buildings on both sides of a road, but not those on parallel
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roads which might lie behind those buildings. Moreover, as buildings
are downloaded as polygons and transformed to centroids so as to fa-
cilitate computation, centroids representing buildings lie a bit away
from the road. Testing showed that a 20 m mask o↵ered a reasonable
compromise on various street types.

(d) Public green: This mask is set according to an equivalent reasoning
as the one applied for buildings. Here, the main aim is to avoid
capturing green values in roads which lie behind buildings. As the
range of vision on roads was determined to be 20 m, the same is
applied to green. Note that this is a conservative estimate: sight
ranges in parks (where people enjoy being ’in nature’) are far longer.
Ideally a dynamic definition would be applied, however this prove to
be too computationally complex for the current project scope.

(e) Noise pollution: As this study is performed at a between-intersection
(i.e. road-level) resolution, this mask is set following a similar road-
based reasoning as the previous two points. Additionally, visual in-
spection of downloaded data showed that the sound imprint of many
roads reached up to approximately 20 m.

A list of the categories and sources form which features are downloaded
is presented in table 3.8. This table also includes the mask widths which
have been applied to them. Note that some features (e.g. from the BAG-
panden dataset) are downloaded as polygons. To enable clear selection,
these features are transformed to point-data by taking each polygon’s
centroid.

3. Feature matching

After the features which are relevant to each route have been selected,
these features are located along the route. This is done by applying the
OSMNX nearest-edge functionality, which seeks out the route edge which
is closest to each feature point. Following the description in table 3.2
and table 3.3, either the quantity of same-type features along a route are
summed (e.g. for tra�c lights), or the quality of said features is saved (e.g.
building status or year of construction). At the end of this process, feature
scores are saved to each route at the link-level. It is decided to save all
data at the link (rather than route aggregate) level, because this permits
for easier application of the within-route distribution analysis phase. From
link link-level data, route aggregate date can still be computed by simply
summing or averaging all link-level scores per route.

The method applied here is not free of shortcomings. By limiting analysis to
features which are captured within a mask, it is assumed that everything which
falls within with mask width is relevant, and is relevant to an equal level, whilst
everything that falls outside of mask isn’t at all. The mask may capture features
which are in practice outside the respondent’s experienced reality (e.g. features
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which are hidden behind buildings, on out of sight on higher floors or subjec-
tively glossed over as ’unremarkable’). Similarly, routes which pass through
wide open areas such as fields, squares or parks may feature long sight-lines,
the richness of which a↵ects the respondent’s experience. Additionally, saving
the distribution of features on the link-level may cause an uneven aggregation
as link lengths di↵er. Nevertheless, other approaches (e.g. based on sight-lines)
are too computationally complex for the resources available to the project.

3.3.4 Statistical data preparation

To perform the route-aggregate and within-route distribution analytical steps,
samples must be constructed. For route-aggregate analysis, variable scores for
each route need to be expressed by a single data point. For this, two variable
formats are distinguished: counts and averages.

Counts encompass variables which can summed as distinct entities indepen-
dently of their sequence or immediate context. For this, link-level totals are
composed, which can in turn be directly summed to form route totals for each
separate variable.

Averages apply to features which were loaded expressing some relative con-
cept, e.g. the extent of tree cover on a given grid cell. For this, these values
are assigned to the link level and averaged there. In doing so they e↵ectively
reflect the average level in that link’s immediate vicinity. However, links vary
substantially in length and whilst one link may have captured only one feature
data point, another may represent the average of eight or ten. To avoid that a
single short link with an outlier feature score biases the aggregated route-level
score, a link-length correction is applied using eq. (3.9).

scoreroute,var =
1

# links in route
·

X

link2route

lengthlink
lengthroute

· scorelink,var (3.9)

For within-route distribution analysis, variable scores must be collected
within each route quadrant, as illustrated in fig. 3.3. As routes consist of varying
numbers of links, which in turn vary in lengths, a proportional segment approach
is applied. Each segment represents a proportion of the route’s overall length.
If combined with equivalent batches from other routes, this can be used to con-
struct a sample which is fit for testing against other samples. Following a series
of trails, an approach with 10 segments was found to deliver results which were
su�ciently detailed, yet o↵ered enough aggregation for useful results.

3.3.5 Statistical testing

Route-level testing

In order to ascertain whether the t-test might be applicable, all datasets - both
non-standardised and standardised - were subjected to a statical ’normality’
testing. As noted in section 3.2.3 three such tests, the Agostino-, Liliefors- and
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Shapiro-Wilk test, are applied to each sample at a relatively permissive signifi-
cance threshold of ↵ = 2.5%. This low threshold was set so as to maximise the
number of samples which might be tested using the more statistically powerful
t-test. Significance on either test implies a statistical deviation from normality
and consequently the need for the application of non-parametric methods. In or-
der to perform two-sample tests, a normal distribution is required for both sam-
ples. Initial trails on the full dataset indicated that few of the non-standardised
sample-pairs both tested normal. In order to maintain consistency throughout
results, it was therefore decided to solely apply non-parametric tests to non-
standardised data. In contrast, similar trails on standardised data showed that
approximately 24-50 % of these samples met normality requirements. As this
would o↵er a wider use of the more powerful t-test, it was decided to continue
with a mixed methods parametric - non-parametric approach for standardised
data.

Non-standardised data is tested through the iterative comparison across
variables for the sample-pairs of interest introduced previously. For the Man-
Whitney test this is performed using the two-tailed version of the ’mannwhitneyu’-
functionality from the Python SciPy library. Following SciPy documentation,
this test tests ”[..] the hypothesis that the distribution underlying sample x is the
same as the distribution underlying sample y.” (SciPy (2021a)). Although this
test gives an indication of distribution (dis)similarity, the p-value obtained from
the test does not permit for an interpretation of the direction by which samples
might deviate. To this end, two successive one-tailed versions of the same test
are applied. These tests respectively test H0 that sample(x) � baseline(x)8x
and sample(x)  baseline(x)8x, respectively. The p-values derived from these
tests indicate the probability that H0 is true. For the sake of interpretation, the
direction which delivers in the greater p-value is taken as the direction by which
both samples mismatch. To translate this to practical terms, significant sample-
pairs which are found to have a higher p-value on sample(x) � baseline(x), are
expected to witness higher values in the test sample as compared to the baseline
sample, and vice versa.

The standardised data used in this study already encompass a two-sample
comparison comparison: the log-percentage deviation of a study sample vis-a-vis
some baseline sample of interest. For these tests, H0 is that the sample centre
is equal to expected population mean. Here, the expected population mean is
based on the further null hypothesis that there is no di↵erence between the route
sample and baselines sample, i.e. that log-percentage distribution is centered
around zero. In other words, tests are performed using expected value = µ =
0. Samples which were found to be normally distributed are studied through
application of the one-sample t-test location test. This is implemented using
the two-tailed ’ttest 1samp’ functionality from the Python SciPy library. In
addition to a p-value, this test also generates a test statistic which can be used
to determine the direction of deviation. Test statistics are positive for samples
where µ is larger than the sample mean, and negative if it is smaller. For non-
normal sampels, the Wilcoxon signed rank test is applies. This is implemented
using the two-tailed version of the ’wilcoxon’ functionality from the Python
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SciPy library. Direction of deviation is again assessed by performing successive
positive and a negative one-tailed versions of the same test.

Within-route distribution testing

In contrast to route-aggregates, within-route distribution sets out to test the in-
cidence of scores over sets of sequences of observations. Consequently, it is not
possible to apply similarity-of-distributions tests such as the M-W or two-sample
t-test at the route level, as these do not preserve the order by which variable
scores feature along a route. This thesis applies a relatively ’lightweight’ assess-
ment of this dimension, aimed at obtaining an initial insight. It is imperative to
emphasise that for deep statistical insight, further studies will be required using
dedicated and well-calibrated modelling techniques such as ARIMA Brownlee
(2017).

The test applied here, consists of an iterative batch-wise sequence of similarity-
of-distributions tests. Each batch is assessed as a standalone test, similar as
those which are performed between samples for route-level testing. Generally,
two approached might be considered: first, an analysis based on proportional
di↵erences (e.g. log-percentages as were used for route-level testing) or between-
trend residuals (as are used in AMIRA modelling). This may again serve to
standardise data to an extent that more t-tests can be applied. Trails were
performed on this, but were found to result in highly erratic results. Therefore,
a second approach is implemented which is designed to take into considera-
tion within-batch variability. In this approach all link-level aggregate scores in
each sample of the progression batch are preserved. These are subsequently
tested against each other by means of two-tailed two-sample K-S tests, much
like the one applied on route-level tests. Direction of deviation is again assessed
by means of a successive positive and negative one-tailed version of the same
two-sample test. Note that this is again applied on a per-variable basis.

This method delivers a sequence of results on the extent of similarity for each
percentile segment of the routes considered in the test at hand. Again, three
significance levels are applied in order to grasp the extent by which variation
occurs: 2.5%, 5.0% and 10%.

3.4 Methodology output structure

Combined, the methodology as described over the course of this chapter encom-
passes a rather large number of tests and variables. This may cause the outputs
which are delivered by applying this method (in chapter 4) somewhat hard to
follow. All in all, the these outputs can be conceived of hierarchically, with each
category being subdivided into several sub-categories.

For sub-question three, this hierarchy is presented schematically in fig. 3.12.
Each ’lower’ level in this graph represents a subdivision of the step above it.
For example: each individual geometry variable is studied for seven di↵erent
sample pairs (as described in table 3.6), and in turn, each sample pair is studied
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for both of the null hypothesis routes.

Figure 3.12: Result structure for sub-question three. Interaction e↵ects are
represented as full block due to a lack of space. Comment on notation: [Q1],
[Q2], [Q3] and [Q4] refer to quadrants of within-route distribution, respectively,
0-25%, 26-50%, 51-75%, 76-100%. Furthermore: [Std.] = ’standardised data’,
[N-std.] = non-standardised data, [Ac.] = Access, [Eg.] = Egress.

For sub-question four, this hierarchy is presented schematically in fig. 3.13.
Again, each lower level represents a subdivision of the level abive it. Note that
for this sub-question all sample pairs test between respondents’ known routes,
so no (unknown) null hypothesis routes are tested against.
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Figure 3.13: Result structure for sub-question four. Interaction e↵ects are rep-
resented as full block due to a lack of space. Comment on notation: [Q1], [Q2],
[Q3] and [Q4] refer to quadrants of within-route distribution, respectively, 0-
25%, 26-50%, 51-75%, 76-100%. Furthermore: [Std.] = ’standardised data’,
[N-std.] = non-standardised data, [Ac.] = Access, [Eg.] = Egress.

Table 3.8: Features in the urban environment which are considered in this study
per variable download category and source, including the route mask widths
at which they are considered. Note that each download category can contain
multiple variables.

Feature Mask Source
Tra�c lights 15 m OpenStreetMap (2021b)
Number of staircases 5 m OpenStreetMap (2021b)
Building year of construction 20 m Kadaster (2021a)
Building status 20 m Kadaster (2021a)
Building function 20 m Kadaster (2021a)
Number of addresses 20 m Kadaster (2021a)
Building ground-level geometry 20 m Kadaster (2021a)
Building total floor area 20 m Kadaster (2021b)
Public green (tree cover) 20 m Rijkswaterstaat (2021a)
Public green (bush cover) 20 m Rijkswaterstaat (2021f)
Public green (grass cover) 20 m Rijkswaterstaat (2021e)
Noise pollution (total) 20 m Rijkswaterstaat (2021c)
Noise pollution (caused by roads) 20 m Rijkswaterstaat (2021d)
Noise pollution (caused by railways) 20 m Rijkswaterstaat (2021b)
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Chapter 4

Results

This chapter presents the results from the survey. The results encompass the
immediate outcomes which are obtained after application of the implementation
process as described in section 3.3. Note that this chapter only provides the
outcomes: the theoretical implications of these results for the understanding
of pedestrian route choice dynamics will analysed in the next chapter. For
completeness, the raw results upon which the discussion of this chapter is based
are included in appendix F.

This chapter is divided into three parts. First, in section 4.1 the outcomes of
the survey are presented. This encompasses an assessment of the general types
of results and overall representativeness, as well as a study of the qualitative
responses which were provided by respondents. Second, in section 4.2 the results
related to sub-question three are presented. Third, in section 4.3, the results
related to sub-question four are presented. These last two sections are structured
to match the three analysis types which were introduced in section 3.2.2.

4.1 Survey outcomes

This section provides a high-level review of the results from the survey. It
encompasses two parts. First, in section 4.1.1 a review of survey results is
performed to understand how well the survey represents the overall population.
Some general characteristics of the results which respondents have provided are
also studied. Second, in section 4.1.2 the responses given by respondents to the
’qualitative motivation’-question in the survey reviewed.

4.1.1 Survey coverage

The survey upon which the self-reported revealed dimension of this thesis is
based was open for responses between 2021-07-16 and 2021-09-27 (74 days).
Over this period, a total of 121 responses were obtained. After filtering, 105
valid responses remained for further analysis. In terms of route choice frequency,
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55 respondents included routes which they ’never’ take, and 26 provided routes
which they ’always’ take. A total of 40 respondents provided routes with inter-
mediate frequencies only.

Responses cover a total of 35 di↵erent stations, for 24 municipalities (the
administrative level which most closely resembles that of urban areas). No
responses have been obtained for the provinces of Zeeland and Limburg. 18
stations and 13 municipalities feature in one response only. The top ten munic-
ipalities are listed in table 4.1. Of the municipalities represented in the sample,
four represent municipalities of more than 300,000 inhabitants, accounting for
37.3% of responses. Conversely, 15 municipalities are larger than 100,000 inhab-
itants (91.8% of responses) and 18 of the included municipalities are larger than
50,000 inhabitants (94.5% of responses), with demographic data based on CBS
(2017). Of the municipalities for which responses have been obtained, Eind-
hoven, Almere and Tilburg are underrepresented in terms of population. Most
municipalities in the sample are over-represented, with Delft (41 times more
than expected) and Deventer (20 times more than expected) vastly so. This
latter e↵ect is representative of over-sampling among students at TU Delft and
sta↵ at the head o�ce of Witteveen+Bos.

Figure 4.1: Distribution of respondents per self-reported age bracket and the
corresponding proportion of that age bracket as part of the overall Dutch pop-
ulation. Demographic data is sourced from CBS (2021)

In terms of interaction e↵ects, 53.6% of the respondents self-identified as
male and the remainder (46.4%) as female. In comparison, 49.7% and 50.3% of
the overall population are registered as respectively male and female suggesting
a modest bias (approximately 4 respondents) towards male respondents. The
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age distribution of the sample and expected distribution for the population are
given in fig. 4.1. Clearly, the 19 to 30 years old bracket is vastly over-represented,
whilst elderly people and children are underrepresented. With regards to local
familiarity, 63.8% of the respondents have provided routes for the city they live
in and 79% of respondents have a bike available in the city for which they have
provided route information, suggesting some respondents might have station
bikes or shared bike subscriptions. Regularity of travel per mode is listed in
fig. 4.2. Most respondents walk at least once or twice a day and travel by train
at least once a month.

Of the eight interaction e↵ects in table 3.4 (note that trip direction is tested
for all categories), walking ability and local familiarity are found to be heavily
skewed towards people who are ’able’ to walk or are (somewhat) ’familiar’ with
the local area. Only 7 out of 105 respondents indicated a lower ability to
walk. Only three respondents indicated to be either ’unfamiliar’ or ’somewhat
unfamiliar’, whilst 102 respondents claimed to be either ’somewhat familiar’ or
’familiar’. These results mean that there are too few alternative responses for
these interaction e↵ects to test against and will not be taken along in further
analysis.

(a) Regularity of walking (b) Regularity of train travel

Figure 4.2: Illustration of how regularly respondents travel by walking and travel
by train.

In terms of overall route geometry, the respondent routes have a mean length
of 1239 m, ranging between 271.7 m and 6063 m with a standard deviation of 774
m. These routes deviate from the bearing line by at least 112 m and at most 250
m, causing a maximum detour ratio from the bearing line of 1.72 and minimum
of 1.34. Route eccentricity varies between 0.29 and 0.79 and curvature ranges
between 0.84 and 0.77. As is illustrated in fig. 4.3 and fig. 4.4 for the geometry
variable of route length, di↵erences may exist between interaction e↵ect groups.
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(a) Age (b) Freq. of train travel (c) Gender

Figure 4.3: Di↵erences between the most and least-taken routes in for each
respondent for interaction e↵ect indicators in terms of route length.

(a) Bike availability (b) Freq. of walking (c) Home city

Figure 4.4: Di↵erences between the most and least-taken routes in for each
respondent for interaction e↵ect indicators in terms of route length.

4.1.2 Qualitative responses

When respondents are asked to provide a qualitative motivation for their route
choice in the survey’s free-form response field, variable-codes pertaining to route
length and perceived speed feature most often. These codes, featuring exclu-
sively as positive characteristics, are mentioned by respondents respectively 100
and 44 times across 330 routes. An overview of all variable-codes identified af-
ter application of the text-coding exercise is given in table 4.2. Other features
which respondents often refer to as factors a↵ecting their route choice are the
presence of other people, the presence of tra�c signals and natural qualities. In
line with the methodology adopted by this thesis, respondents refer to a mix of
social, environmental and physical variables.

Upon closer inspection of respondents’ phrasing, it is found that nine vari-
ables both attract and repel route choice. A list of these variables is given below.
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Table 4.1: Top ten station in survey and obtained share of total responses.
Expected share indicates the percentage expected for that station’s municipality
as share of the total population of the Netherlands. Demographic data obtained
from CBS (2017)

Station Response share Expected share
Delft 20.9% 0.59% (Delft)
Deventer 10.9% 0.58% (Deventer)
Utrecht Centraal 7.27% 2.04% (Utrecht)
Amsterdam Bijlmer ArenA 7.27% 4.97% (Amsterdam)
Rotterdam Centraal 6.36% 3.71% (Rotterdam)
Amsterdam Amstel 4.54% 4.97% (Amsterdam)
Delft Campus 3.63% 0.59% (Delft)
Arnhem Centraal 3.63% 0.92% (Arnhem)
Groningen 2.72% 1.33% (Groningen)
Enschede 2.72% 0.91% (Enschede)

Table 4.2: Overview after text-coding of the features with which respondents
described their motivation for route choice, and the number of routes for which
each feature is mentioned. Note that some features emit both a push and a pull
e↵ect on route choice.

Features n Features n Features n
Routelength 100 Ease 8 Maintenance 4
Speed 44 Lighting 8 Slope 4
People, crowds 34 Footpaths 8 Obstacles 3
Busy roads 32 Directional turns 7 Tunnel 3
Tra�c signals 23 Crossings 7 Nostalgia 2
Nature 21 Cyclists 6 Parking lots 2
Shops 19 Overview 5 Residential 2
Variation 18 Footpath width 5 Public transport 2
Building aesthetics 15 Safety (tra�c) 5 Amenities 1
Safety (social) 13 Pollution (e.g. noise) 5
Weather protection 9 Walking together 4
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Here, ’attract’ indicates the number of respondents that liked the presence of
a given feature on a route. An overview of all attracting features is given in
table 4.3. Conversely, ’repel’ indicates the number of respondents who stated
that they did not like the presence of a given feature on a route. An overview
of all repelling features is given in table 4.4.

• Tra�c signals (attract: 3 / repel: 20): Motivation: signals are perceived
as items which increase travel time. Some respondents verbally note that
they actively opt for longer trips in order to avoid signals. Respondents
who portray signals as attractive features do so as signals enable them to
cross busy roads.

• People (attract 15 /repel: 19): Motivation: a majority of respondents
who mention this dimension indicate that they perceive the presence of
other people as ’crowding’ or a ’busy’ atmosphere, which are experienced
as conditions which they seek to avoid. Respondents who note an attrac-
tion to other people do so based on traits such as a ’lively’ or ’convivial’
(’gezellig ’) atmosphere.

• Building aesthetics (attract: 11 / repel: 4): Motivation: respondents
note that they chose certain routes because of the presence of ’beautiful’
surroundings, often in relation to dimensions of the urban structure such
as the ’city centre’. Other respondents note the ’boring’ or even ’ugly’
appearance of the built environment along some of the routes in their
choice set.

• Shops (attract: 17 / repel: 2): Motivation: most respondents who mention
this feature do so in relation to personal needs to go shopping. Certain
routes are chosen specifically if the respondent needs to go to a shop. The
respondents who say they avoid shops do so in relation to ’crowds’ which
they perceive occur on routes which feature relatively high densities of
shops.

• Slope / stairs (attract: 2 / repel: 2): Motivation: respondents who note
an attraction to slopes or stairs do so by positing the presence of slopes as
features of a natural environment or as elements which create a varied view
of the space through which their route leads. When slopes are mentioned
as aspects which repel route choice this is in line with the suggestion from
literature that navigating slopes requires additional energy.

• Crossings (attract: 6 / repel: 1): Crossings refer to places where roads
can be crossed without signalisation. The pattern here is the mirror im-
age of respondents’ view on signalised crossings, with those who express
an attraction to such crossings doing for their dislike of waiting at sig-
nalised intersections. Those repelled by unsignalised crossings are so due
to perceived danger of crossing busy roads.
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Table 4.3: Overview after text-coding of features which respondents described
as attracting features in route choice, and the number of routes for which each
feature is mentioned.

Features n Features n Features n
Route length 100 Ease 8 Maintenance 4
Speed 44 Lighting 8 Tra�c signals 3
Nature 21 Footpaths 8 Nostalgia 2
Variation 18 Least turns 7 Residential 2
Shops 17 Crossings 6 Slope 2
People, crowds 15 Safety (tra�c) 5 Public transport 2
Safety (social) 13 Footpath width 5 Amenities 1
Building aesthetics 11 Overview 4
Weather protection 9 Walking together 4

Table 4.4: Overview after textcoding of features which respondents described
as repelling features in route choice, and the number of routes for which each
feature is mentioned.

Features n Features n
Features n Features n
Busy roads 32 Tunnel 3
Tra�c signals 20 Obstacles 3
People, crowds 19 Shops 2
Cyclists 6 Parking lots 2
Building aesthetics 4 Slope 2
Pollution (e.g. noise) 5 Crossings 1
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Of the variables which respondents list as important, a substantial number are
included as objects of study in this thesis. Route length, directional turns, tra�c
signals, nature, shops, noise and residential buildings are directly included as
either null hypotheses in sub-question three, or as urban features. Moreover,
busy roads, building aesthetics and slopes are studies by proxy through the
noise pollution from roads, building year of construction and stairs (which are
the most likely sloped walking surfaces encountered in a flat country like the
Netherlands). Similarly, route speed, crowding, safety from social risks, weather
protection, lighting, tra�c safety maintenance, and obstacles are studied as
subjective variables.

By extension, this leaves variation, ease, (non-signalised-) crossings, cyclists,
overview, sidewalk width, dedicated footpath presence, tunnels, en-route park-
ing lots and public transport facilities as the main features which are not in-
cluded in this study. This a↵ects the representativeness of results which this
study might generate.

4.2 Sub-question 3: null-hypothesis routes

This section presents the results which have been obtained for the sample-pair
tests related to sub-question three. The section is structured according to the
results structure laid out in fig. 3.12. For the sake of brevity only significant
or otherwise substantial results are discussed. Full results are contained in the
appendix (references in text). First, in section 4.2.1, route geometry is studied.
Second,in section 4.2.2 the outcomes of route-aggregate tests are presented.
Third, in section 4.2.3 within-route results are reviewed.

A common on notation: for brevity, the least directional turns path null
hypothesis routes are referred to by LDTP. Shortest paths null hypothesis routes
are referred by SP.

4.2.1 Route geometry results

The following e↵ects are found with regards to route geometry. First the results
are discussed for the full respondent population (i.e. up to the ’access’ and ’sta-
tion egress’-level in fig. 3.12). Subsequently, the data is reviewed for interaction
e↵ects.

Full respondent population

• Route length, illustrated in fig. 4.6a:

Averages seem to be more or less stable although marked shorter route
lengths occur on ’always’-taken routes at 897.9 m versus 1066 m for all
other categories. All in all user-drawn routes fall in-between shortest paths
and least directional turns paths in terms of length, with exceptions of even
shorter averages on station access trips which are ’often’ or ’regularly’
taken.
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When route length is tested statistically against the LDTP, non-standardised
data tests find a significant di↵erence regardless of trip direction. For stan-
dardised data this changes, with all frequency classes aside from ’never’
(station egress trips only) testing strongly significant at a negative cor-
relation. This means that performed trips are generally shorter than the
LDTP.

When respondent routes are tested against the shortest path the findings
are mostly similar, with two exceptions, namely that for standardised data
’always’-taken rather than ’never’-taken routes fail to note a significant
di↵erence, and that significant deviations all note a positive deviation.

• Route overlap:

For LDTP (fig. 4.5b), shows the extent by which respondent route cate-
gories overlap with that null hypothesis category. Overlap is highest for
routes which are ’always’ taken at 53% and 48% for both directions re-
spectively. Lowest overlap holds for routes which are ’sometimes’ taken.
Overall respondent routes overlap with the LDTP evenly across frequency
classes at an average of 42.5% for station egress trips and 43.6% for station
access trips.

For SP (fig. 4.7a) respondent-drawn routes overlap markedly more for
more-frequented routes than less-frequented ones. Such more-frequented
routes overlap with shortest paths for on average 71.8% and 70.4% in both
directions. In contrast, less-frequented routes only overlap on average
49.8% and 54.2%.

• Detour ratio:

For LDTP (fig. 4.5b): When detour ratios are considered in a more var-
ied picture emerges. Here, all respondent route averages have a ratio of
 1, implying shorter routes than LDTP alternatives. Least-taken routes
obtain higher ratios than higher-frequency routes. For higher-frequency
routes, a di↵erence stands out between routes which are ’always’ taken,
and cases where respondents have more alternatives, with ’always’ dis-
playing greater similarity to LDTP route lengths.

For SP (fig. 4.7b), the patterns found for overlap are reflected in detour
ratios. Most-used, ’always’, ’often’ and ’regularly’-taken routes overlap on
average 103.2% of shortest path route length for either direction, whilst
less-frequented routes are on average 110.6% or 109.4% of shortest path
route length. Here, ’never’ used routes from train stations strike out even
higher towards 113.6% of shortest path route length.

• Maximum deviation, illustrated in fig. 4.6b: Deviations from the ’band-
width’ between LDTP and SP scores are observed for lower-frequency
routes in both trip directions, which have further deviations from the
bearing line by an additional 39 to 34 metres. When di↵erences in route
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direction are investigated, ’regularly’ taken routes witness a large di↵er-
ence in deviation distance, with station egress trips permitting compara-
tively greater deviations from the bearing line than station access trips.
Statistical testing o↵ers no additional insight.

• Eccentricity, illustrated in fig. 4.8a:

For LDTP, it is found that less-frequented routes obtain scores which
are closer to LDTP route scores. When tested statistically, significant
deviations with a positive inclination are found for most-used routes and
to a lesser degree also for ’often’ and ’regularly’ used routes. This e↵ect
is reflected on both non-standardised and standardised samples.

For SP, it is found that more-frequented routes obtain scores which are
closer to SP route scores. When tested statistically, both non-standard
and standard data contain significant negative deviations on the lower fre-
quency classes and least-used routes. This is found for both trip directions.
The e↵ect stands as the opposite of the results found on LDTP.

• Curvature, illustrated in fig. 4.8b:

For LDTP, a counter-intuitive result is found in that what is supposed
to be the least-turns route, scores lowest on the curvature variable (im-
plying a large amount of curves). When tested statistically against non-
standardised data, strongly significant deviations are found with a posi-
tive inclination on most-used, ’often’-used, ’regularly’-used and least-used
routes. For standard data, this same pattern is found for station egress
trips. station access trips display a greater significance - all positive - on
all frequency categories.

For SP, higher-frequency route scores are found to converge on shortest
path mean scores. This holds especially for ’often’ taken station access
trips. This result is qualified slightly by that ’always’ taken station egress
trips generally have fewer curves. When tested statistically, tests against
shortest path data only find very modest negative significant di↵erences
on the least-used route category. This e↵ect holds across nonstandard and
standard data and is equal for both trip directions.

Interaction e↵ects

• Respondent age:

For LDTP: All age brackets display significant deviations for route length
except for the 41+ bracket. For SP: The probability of statistical di↵er-
ence from the shortest path declines slightly with age. This e↵ect holds
especially on station access trips.

• Bike availability:

Respondents with access to a bike are found to have entered routes which
have more curves according to the curvature geometry variable.
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(a) Overlap with LDT path (b) Detour ratio from LDT path

Figure 4.5: Key geometric indicators for least directional turns (LDT) paths.

(a) Route length (b) Maximum deviation

Figure 4.6: Key geometric indicators.

• Respondent gender identity:

For LDTP: male respondents are found to have a significant positive devi-
ation on curvature for both route directions. This appears to be absent for
female respondents. Similarly, male respondents are found to have a neg-
ative significant di↵erence with regards to route length on their least used
route for station access trips. For SP, no substantial results are found.

• Living in same city:

For LDTP: significant deviations are found between local residents and
visitors when tested on non-standardised data for both station access and
egress trips. Nonresidents are significant on eccentricity and for their most-
used route, whilst the least-used route is significantly di↵erent from the
null hypothesis in terms of curvature. When standardised, the significant
di↵erence on eccentricity of the most-used route remains.
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(a) Overlap with shortest path (b) Detour ratio from shortest path

Figure 4.7: Key geometric indicators for shortest paths.

(a) Eccentricity (b) Curvature

Figure 4.8: Key geometric indicators for shortest paths.

For SP: when considered for least-used routes, local residents were found
to deviate significantly in terms of eccentricity, maximum deviation, ec-
centricity and curvature. When standardised, both to- and from station
trips are significantly di↵erent for their most-used routes in terms of route
length and eccentricity for local residents. For least-used routes, curvature
is significantly di↵erent.

4.2.2 Route-aggregate results

Results presented here pertain to the tests with application of the Bonferroni
correction. Only in cases where tests including this correction do not deliver
meaningful result, will results without the Bonferroni correction be considered.
In practice this implies that results for tests against the least directional turns
route are only presented with application of the correction, whilst results for
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the tests against the shortest path are only considered without the correction.
Results for route aggregate tests are presented over a series of tables. These

tables are deemed to be fairly clear and will only receive limited textual com-
mentary. The contents of the tables will be reflected upon in depth in chapter 5.

Null hypothesis route: least directional turns

• Station egress trips:

An overview of the significant results for station access trips when tested
against least directional turns routes is given in table 4.5. Both non-
standardised and standardised data find e↵ects for the variables of tree
cover, bush cover, grass cover, as well as total, road-based and railway-
based noise. Standardised data also identifies e↵ects for residential build-
ings.

In terms of frequency, the largest number of deviating variables are found
for the frequency categories ’most’, ’sometimes’ and ’never’. Results dis-
play a negative deviation for all variables. This implies that the routes
taken by respondents generally witness lower levels of these features than
the the least directional turns route.

• Station access trips:

An overview of the variables which test significantly for station access
trips is given in table 4.6. As can is evident when this table is compared
to table 4.5, results for station access trips are mostly similar to those for
station egress trips.

Strongly significant negative deviations are again found for green cover and
noise pollution levels on both non-standardised and standardised data.
Station access trips di↵er from egress trips in the lack of a significant
di↵erence on noise from railways on non-standardised data.

This similarity implies that there is rather little di↵erence between respondents’
route choice sets and the least directional turns routes for their OD-pairs in
terms of trip direction: similar features are (mostly-) less present on routes
considered by respondents, for either direction type.

Null hypothesis route: shortest path

Whereas tests against least directional turns routes found a large collection of
significant results, tests against shortest paths find no such di↵erences as long
as the Bonferroni correction is applied. This e↵ect holds for both routes from
train stations and those to train stations. This implies a high level of statistical
similarity between both route types in terms of urban features.

When the Bonferroni correction is released, some underlying significant dif-
ferences are found. For non-standardised data, ’often’-classified routes display a
slightly positive di↵erence on buildings with educational functions. Conversely,
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Table 4.5: Significant variables for sub-question three when testing against the
LDT path for station egress trips with Bonferroni correction. Notation: 3:
↵ = 2.5% , 2: ↵ = 5.0%, 1: ↵ = 10.0%.
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Unstandardised
Tree cover 3(-) 2(-) 3(-) 3(-) 3(-) 3(-)
Bush cover 3(-) 2(-) 3(-) 3(-) 3(-)
Grass cover 3(-) 2(-) 3(-) 3(-) 3(-)
Noise: total 3(-) 3(-) 3(-)
Noise: roads 3(-) 3(-) 1(-) 3(-)
Noise: railways 1(+)
Standardised
Tree cover 3(-) 1(-) 3(-) 3(-) 3(-) 3(-) 3(-)
Bush cover 3(-) 3(-) 3(-) 3(-) 3(-) 3(-) 3(-)
Grass cover 3(-) 1(-) 3(-) 3(-) 3(-) 3(-) 3(-)
Noise: total 3(-) 3(-) 3(-) 3(-) 3(-) 3(-) 3(-)
Noise: roads 3(-) 3(-) 3(-) 3(-) 3(-) 3(-) 3(-)
Noise: railways 3(-) 3(+) 3(+) 3(+) 3(+) 3(+)
Residential 2(-) 1(-) 1(-)

80



TIL5060 - J.K. Krom Pedestrian route choice and the urban environment

Table 4.6: Significant variables for sub-question three when tested against the
LDT path for station access trips with Bonferroni correction. Notation: 3:
↵ = 2.5% , 2: ↵ = 5.0%, 1: ↵ = 10.0%.
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Unstandardised
Tree cover 3(-) 2(-) 3(-) 3(-) 3(-) 3(-)
Bush cover 3(-) 3(-) 3(-) 3(-) 3(-)
Grass cover 3(-) 2(-) 3(-) 3(-) 3(-)
Noise: total 3(-) 3(-) 3(-)
Noise: roads 3(-) 3(-) 3(-) 3(-)
Standardised
Tree cover 3(-) 3(-) 3(-) 3(-) 3(-) 3(-) 3(-)
Bush cover 3(-) 3(-) 3(-) 3(-) 3(-) 3(-) 3(-)
Grass cover 3(-) 3(-) 3(-) 3(-) 3(-) 3(-) 3(-)
Noise: total 3(-) 3(-) 3(-) 3(-) 3(-) 3(-) 3(-)
Noise: roads 3(-) 3(-) 3(-) 3(-) 3(-) 3(-) 3(-)
Noise: railways 3(-) 3(-) 3(-) 3(-) 2(-) 3(-)
Residential 2(-)
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least-taken routes significantly di↵er from shortest paths with a negative devi-
ation on buildings which are under reconstruction and o�ces. When tests are
performed on standardised data, some more e↵ects are found. The results of
this are presented in table 4.7 and table 4.8 and will be detailed below.

• Station egress trips:

For non-standardised data a weak significant di↵erence is found with re-
gards to educational buildings. Such buildings are present more on ’often’
taken routes and less on ’least’ taken routes.

The strongest deviations (at a 2.5% threshold) are found at a negative
di↵erence on landmarks in terms of plot area for ’most’-used routes and
building reconstruction sites for least-used routes. Additionally, higher-
frequency routes show slight positive di↵erences from the shortest route
are found on tree and bush cover and total noise pollution on ’most’-taken
routes.

• Station access trips:

The strongest deviations on in this category largely mirror those for station
egress trips, with the addition of a strong negative e↵ect for mean building
year of construction on ’always’-taken routes. This suggests that ’always’-
taken station access trips buildings are generally older than on shortest
route path alternatives.

Other changes are found in that green cover no longer features more on
most-taken routes and the positive e↵ect on tra�c signal counts has fallen
away for ’never’ and least-taken routes.

Interaction e↵ects

Aggregate-level tests found that some level of significant deviation exist for 16
distinct variables overall (listed in table 4.5, table 4.6, table 4.7, and table 4.8).
To obtain a better understanding of any possible underlying patterns, the tests
upon which these variables are found to be significant are rerun with subsets of
the total population described in table 3.4 so as to identify interaction e↵ects
which might be contained for these variables. Only e↵ects are reported which are
consistent across tests on both non-standardised and standardised data. Unless
mentioned otherwise tests are performed with the application of a Bonferroni
correction equivalent to the the number of significant variables per category
times the number of test categories (least directional turns and shortest paths,
each with two directions).

• Regularity of train travel:

A negative significant relationship appears with regards to the ’o�ce
function’-variable for the least-taken routes of less-frequent train trav-
ellers. This e↵ect is found once the Bonferroni correction is released.
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Table 4.7: Significant variables for sub-question three when tested against the
shortest path for station egress trips without Bonferroni correction. Notation:
3: ↵ = 2.5% , 2: ↵ = 5.0%, 1: ↵ = 10.0%.
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Unstandardised
Educational 1(+) 2(-)
Standardised
Tree cover 1(+)
Bush cover 1(+)
Grass cover 1(+)
Noise: total 1(+) 1(-)
Bldg. reconstruction 1(-) 1(-) 3(-)
O�ces 2(-) 1(-)
Shops 2(+) 2(+)
Tra�c signals 1(+) 1(+)
Built: 2001-2022 1(+)
Landmark: plot area 3(-) 1(-) 1(-)
Landmark: 1 criterion 3(-) 1(-)

Table 4.8: Significant variables for sub-question three for tests against the short-
est path for station access trips without Bonferroni correction. Notation: 3:
↵ = 2.5% , 2: ↵ = 5.0%, 1: ↵ = 10.0%.
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Unstandardised
Educational 2(+) 1(-)
Standardised
Noise: total 1(+)
Bldg. reconstruction 2(-) 2(-)
Shops 2(+) 1(+)
O�ces 3(-)
Built: year mean 3(-) 0
Built: 2001-2022 1(+)
Landmark: plot area 3(-) 1(-)
Landmark: 1 criterion 2(-)

83



TIL5060 - J.K. Krom Pedestrian route choice and the urban environment

This means that significantly fewer o�ce buildings feature along the least-
taken walking routes from train station among less frequent train trav-
ellers.

• Respondent age:

For the 31-40 and 41+ age brackets significantly lower incidences of build-
ings under reconstruction are found on their ’least’-taken egress routes,
when compared to 19-30 year-old’s.

Additionally, the 31-40 year-old age bracket is found have a negatively sig-
nificant relationship with o�ce buildings on station egress trips for some-
times and least-taken routes.

4.2.3 Within-route distribution results

Null hypothesis route: least directional turns

When the within-route distribution of features is tested against the within-route
distribution of features for the least directional turns route, and the Bonferroni
correction is applied, three feature are found to test significantly: noise pollution
as total, from roads and from railways. These di↵erences are all found to occur
on the first quadrant of route. Results of within-route distribution tests against
the least directional turns route are presented in table 4.9.

The statistical significance of deviations seems more or less evenly spread
throughout: both much used and less used routes feature thresholds of 2.5% on
a variety of variables. Overall this means that routes taken by respondents are
generally noisier than the least directional turns alternative for the first section
of the trip. No significant deviations in the other direction are found later on
in the trip which would balance this e↵ect.

Null hypothesis route: shortest path

Tests against the shortest path with application of the Bonferroni correction
find no significant deviations whatsoever. When the Bonferroni correction is
released some significant results are found. Results of within-route distribution
tests against the shortest path are presented in table 4.9.

These results indicate a relative clustering of deviations on the 50-75%
bracket, and to a lesser extent also the 25-50% bracket. Most-used routes of
either direction again find higher levels of noise on that bracket. Green values
such as bushes and grass also feature more strongly on these routes’ middle
sections.

This prevalence of green on middle sections contrasts with the relative dearth
of trees in the last quadrant of ’regularly’-taken routes from the train station.
These area witnesses higher incidences of noise instead. For regularly taken
routes to the train station, respondents appear to accept higher levels of noise,
but also bushes in the 25-50% quadrant.
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Table 4.9: Within-route distribution of variables for sub-question three when
tested against the least directional turns route. Notation: 3: ↵ = 2.5% , 2:
↵ = 5.0%, 1: ↵ = 10.0%. (+) and (-) indicate direction of deviation.

0-25 % 25-50 % 50-75 % 75-100 %
Most-used, dir 1
Noise: total 3(+)
Noise: roads 1(+)
Noise: railways 3(-)
Most-used, dir 2
Noise: total 3(+)
Noise: roads 2(+)
Noise: railways 3(-)
Freq(3), dir 1
Noise: railways 3(-)
Freq(3), dir 2
Noise: railways 3(-)
Noise: railways 1(-)
Freq(2), dir 1
Noise: total 3(+)
Noise: railways 3(-)
Freq(2), dir 2
Noise: total 3(+)
Noise: railways 3(-)
Freq (1), dir 2
Noise: total 3(+)
Noise: railways 2(-)
Least-used, dir 1
Noise: total 3(+)
Noise: roads 3(-)
Noise: railways 3(-)
Least-used, dir 2
Noise: total 3(+)
Noise: railways 3(-)
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Interestingly, the ’never’ and ’least’-taken route categories again echo fea-
ture distributions which were found on ’most’ taken routes. Additionally, such
less-frequented routes also contain more buildings constructed between 1946
and 1970. Finally, buildings with ’other functions’ are found to feature more
prominently in the 50-75% quadrant on less popular routes.

4.3 Sub-question 4: respondent route choice sets

This section presents the results which have been obtained for the sample-pair
tests related to sub-question four. The section is structured according to the
results structure laid out in fig. 3.13. For the sake of brevity only significant
or otherwise substantial results are discussed. Full results are contained in the
appendix (references in text). First, in section 4.3.1 route geometry is studied.
Second, in section 4.3.2 the outcomes of route-aggregate tests are presented.
Third, in section 4.3.3 within-route results are reviewed.

Di↵erences between routes which are a conscious part of respondents’ route
choice sets are investigated for the comparisons listed in table 3.6. Too few
responses were obtained for frequency-classes (5) ’always’ and (1) ’never’ to
perform statistical testing. Consequently, these sample pairs are discarded from
statistical analysis. Note that, to give a complete picture, the few results which
have been obtained are still included in the visual inspection of geometry data.

4.3.1 Route geometry results

The following e↵ects are found with regards to route geometry. First the results
are discussed for the full respondent population (i.e. up to the ’access’ and ’sta-
tion egress’-level in fig. 3.12). Subsequently, the data is reviewed for interaction
e↵ects.

Full respondent population

• Route length, illustrated in fig. 4.10a:

It is found that for all sample pairs the highest-frequency routes are on
average 90 m shorter than those of the lowest-frequency routes. This
di↵erence is largest when midrange routes on station egress trips are con-
sidered: 123 m. Longest average routes overall are found for most and
least taken routes to the train station, at 1494 m an 1561 m respectively.
The shortest routes are found for on the one hand midrange routes from
the station (819 m and 943 m), and on the other for ’always’ and ’never’-
classified taken routes from the station (770 m and 869 m).

For the ’most-least’ and ’midrange’ comparisons it is found that routes
from the station are generally shorter than those which are taken to access
a station. This pattern is reversed when ’always’ and ’never’-taken routes
are inspected.
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Table 4.10: Within-route distribution of variables for sub-question three when
tested against the shortest path after release of the Bonferroni correction. No-
tation: 3: ↵ = 2.5% , 2: ↵ = 5.0%, 1: ↵ = 10.0%. (+) and (-) indicate direction
of deviation.

0-25 % 25-50 % 50-75 % 75-100 %
Most-used, dir 1
Noise: railways 2(-)
Noise: total 2(+)
Noise: roads 2(+)
Most-used, dir 2
Noise: railways 2(-)
Noise: total 3(+)
Noise: roads 3(+)
Grass cover 2(+)
Bush cover 3(+) 1(+)
Freq (3), dir 1
Tree cover 3(-)
Noise: railways 2(+)
Bush cover 1(+) 2(-)
Freq (3), dir 2
Noise: total 2(+) 1(-)
Noise: roads 2(+) 1(-)
Bush cover 3(+) 1(-)
Freq (1), dir 1
Built: 2001-2022 1(+) 2(+)
Noise: total 3(+)
Noise: roads 3(+)
Grass cover 3(+) 1(-)
Freq (1), dir 2
Built: 1946-1970 3(+)
Built: 2001-2022 3(+) 1(+)
Tree cover 3(+) 3(+)
Noise: railways 3(-)
Noise: total 3(+)
Noise: roads 3(+)
Grass cover 3(+)
Bush cover 3(+) 2(+)
Least-used, dir 1
Noise: railways 3(+)
Other function 2(+)
Least-used, dir 2
Built: 1971-1985 2(+)
Noise: railways 2(+)
Other function 2(+)
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When analysed statistically on non-standardised data, significant devia-
tions are found on neither the ’most-least’ nor the ’midrange’ sample pair.
Upon standardisation, station egress trips (both most/least and midrange)
show a strong positive result, implying that least-taken trips are generally
expected to be longer than often-taken alternatives.

• Route overlap, illustrated in fig. 4.9a and fig. 4.9b:

The mean overlap between highest-frequency and lowest-frequency routes
seems to be more or less constant across sample pairs. The ’most-least’
pair averages at 45.8%, the ’midrange’ pair at 47.9% and the ’always-never’
pair at 48.1 %.

Di↵erences between station access and egress trips are rather limited. In
terms of distribution, the overlap of ’most’ and ’least’ -taken routes, both
across the full population as well as the midrange and ’always’ and ’never’
pairs are mostly comparable.

• Detour ratio from bearing line, illustrated in fig. 4.10b:

All route categories make detours which are more or less even around an
average length of 1.51 times the bearing line. Again, higher-frequency
routes are generally a little closer to the bearing line length (at a ratio of
on average 1.44) and and longer on lower-frequency routes (at an average
ratio of 1.58 times the bearing line length).

In line with overall route length findings, the biggest di↵erence in terms
of detour ratio between frequency classes is found for midrange routes
from the station. This is followed by the di↵erence between ’always’ and
’never’-taken routes on station access trips.

When tested statistically, highly significant deviations are found for both
station egress sample pairs on both standardised and non-standard data.
This implies that the di↵erence between most- and least-taken routes is
most pronounced on the station egress trip direction.

• Maximum deviation, illustrated in fig. 4.11:

Higher frequency routes on average stick closer to the bearing line than
less-frequented route alternatives. This e↵ect seems to be rather pro-
nounced, with higher-frequency routes deviating on average only 76.5% of
the distance observed on lesser-frequented alternatives. The di↵erence is
most explicit for midrange routes from the station, which deviate only on
average 63% of the lesser-taken deviation distance.

Furthest deviations in an absolute sense are found for the ’most-least’-
pair on station access routes (175 m and 235 m, respectively). Midrange
routes from the station and ’always’ and ’never’-taken routes to the station
stay closest to the bearing line at 125 m and 199 m, and 119 and 160 m,
respectively.
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When tested statistically, the results from visual inspection are echoed.
Again a significant di↵erence is found between highest- and lowest fre-
quency routes on station egress trips.

• Eccentricity, illustrated in fig. 4.12a:

Eccentricity values are largely stable at 0.855. Lesser-taken routes score
lower, presumably owing to their longer maximum deviations. Although
patterns are more nuanced, the overall trend appears to be in line with
the findings for maximum deviation.

Then tested statistically, these observations are confirmed. Both non-
standardised and standardised data display significant negative deviations
from the baseline sample on station egress trips. Station access trips do
not deviate significantly.

• Curvature, illustrated in fig. 4.12b:

Di↵erences on this metric are rather minute, leading the y-axis of the
graph to be cropped for readability. Lower-frequency routes structurally
obtain lower scores. The exception to this is the ’always’-’never’ station
egress sample pair, which nearly matches evenly at 0.79. Seeing this score
is relatively low, compared to others, it implies that these routes are gen-
erally curvaceous.

Overall, higher-frequency routes have fewer curves than lesser-frequented
alternatives. The biggest di↵erence is again found for the station access
’always’ and ’never’ sample pair.

When tested statistically, no significant deviations are found. Standard-
ised sample pairs show slight significant di↵erences with a negative inclina-
tion on station egress trips only after the Bonferroni correction is released.
This implies that less-frequented routes score lower on this dimension, as
is in line with what was found through visual inspection.

(a) Overlap midrange sample pair (b) Overlap most-least sample pair

Figure 4.9: Key geometric indicators for between-routes comparisons.
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(a) Route length (b) Detour ratio from bearing line

Figure 4.10: Key geometric indicators for between-routes comparisons.

Interaction e↵ects

• Respondent age: With regards to eccentricity and curvature, deviations
are less significant for the 31-40 years bracket than the 19-30 years bracket.

• Bike access: The sample with access to a bike test less significant on
eccentricity and curvature than groups that do. When this test is repeated
on standardised data the e↵ect is however not replicated.

• Walking frequency: More frequent walkers test less significant on all four
geometry indicators. This e↵ect holds for both non-standardised and stan-
dardised samples, with the e↵ect being more pronounced for non-standard
data.

• Respondent gender identity: female respondents are found to have a
slightly more significant di↵erence from least used routes than male re-
spondents.

4.3.2 Route-aggregate results

Results presented here are presented both with and without the application
of the Bonferroni correction. This is done because the variables for this sub-
question encompass both urban features and subjective variables. Both vari-
ables di↵er from each other substantially in terms of the scale along which they
are measured and number of responses. Subjective variables are measured on a
five point scale and have been obtained for all routes entered by respondents.
Conversely, urban features are measured in counts and averages, and may con-
tain routes with no data in case certain features weren’t found to be present.
Combined, this makes subjective features more likely to turn up a significant
di↵erence.
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Figure 4.11: Maximum deviation from the bearing line.

Results for route aggregate tests are presented over a series of tables. These
tables are deemed to be fairly clear and will only receive limited textual com-
mentary. The contents of the tables will be reflected upon in depth in chapter 5.

Sample pair: ’most’ vs. ’least’

An overview of significant results on Bonferroni-corrected data for this sample-
pair can be found in table 4.11. Results for uncorrected tests are presented in
table 4.12.

• Station egress routes (with Bonferroni correction):

With regards to subjective variables, strong e↵ects are found for: perceived
route speed (whether a route is ’fastest’), perceived ease at which respon-
dents can remember routes and whether they like routes when it’s dark.
All three variables show a positive inclination, implying that respondents
perceive higher-frequency routes to be faster, easier to remember and more
pleasant when its dark.

Weaker results are found for: the amount of seating. This is only found on
station egress routes. The negative coe�cient implies that often-taken sta-
tion egress routes are perceived to have comparatively less seating options
than less-taken routes.

With regards to urban features, no significant di↵erences are found.

• Station access routes (with Bonferroni correction):

With regards to subjective variables, only perceived route speed is con-
sidered equally significant on to-station trips. Ease by which a route can
be remembered features lightly.
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(a) Eccentricity (b) Curvature

Figure 4.12: Key geometric indicators for between-routes comparisons.

With regards to urban features, again no significant di↵erences are found.

• Station egress routes (without Bonferroni correction):

With regards to subjective variables, strongly significant e↵ects are found
for almost all variables. The weakest e↵ect is found for ’steep slopes’
(only on standardised data). Perceived tra�c safety tests significant on
both data types, but only mildly so.

With regards to urban features, strongly significant e↵ects are found for
tra�c signals and plot area landmarks (both on standardised data only).
Shop presence shows a mild e↵ect.

• Station access routes (without Bonferroni correction):

With regards to subjective variables, notable e↵ects only remain for route
speed, ease of remembering, social safety, darkness and maintenance. All
other social variables fall away upon station access.

With regards to urban features, no significant e↵ects remain for station
access on either data type.

In review of these results, it can be concluded that these results imply that
route choice for station egress is subject to a far wider range of variables (both
urban and subjective) than station access.

Sample pair: midrange routes

As can be seen in table 4.11, table 4.12, results for midrange data are highly
comparable to those for the ’most’ vs. ’least’ sample pair. Substantial di↵erences
are found for two more subjective variables:
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Table 4.11: Overview of significant results for route aggregate analysis on sub-
question four with Bonferroni corrected data. Notation: 3: ↵ = 2.5% , 2:
↵ = 5.0%, 1: ↵ = 10.0%.
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Unstandardised
Subjective: fastest 3(+) 3(+) 3(+) 3(+)
Subjective: easy to remember 3(+) 1(+) 3(+)
Subjective: lot of seating 2(-)
Subjective: like when dark 3(+) 3(+)
Standardised
Subjective: fastest 3(+) 3(+) 3(+) 3(+)
Subjective: easy to remember 3(+) 3(+)
Subjective: like when dark 3(+) 3(+)

• Demolition permit granted (non-corrected, non-standardised data):

This is found to be rather significant on midrange station access data, but
fails to notice on the ’most’ vs. ’least’ sample pair.

• Well maintained (non-corrected, both non- and standardised data):

This is found to be strongly significant on station access for the ’most’ vs.
’least’ sample pair, but fails to feature on the ’midrange’ sample.

Interaction e↵ects

As listed in table 4.11 and discussed in the preceding, four (all subjective)
variable are found to display significant e↵ects on Bonferroni-corrected data:
perceived route speed, ease of memorisation, amount of seating and appreciation
of a route when its dark. These variables are considered further for interaction
e↵ect testing. For interaction e↵ects, only features are reported which exhibit
similar patterns on both proportional and non-proportional results. Due to a
lack of respondents, not all interaction categories can only be studied in terms
of the most-used and least-used sample comparison.

When the Bonferroni correction is applied, interaction e↵ects are identified
for three respondent characteristics:

• Respondent age:

Respondents in the 31-40 age bracket exhibit lesser di↵erence between
their most- and least taken samples in the extent to which they say that
the often-chosen route is easy to remember, than respondents in the 19-30
age bracket.
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Table 4.12: Overview of significant results for route aggregate analysis on sub-
question four without application of the Bonferroni correction. Notation: 3:
↵ = 2.5% , 2: ↵ = 5.0%, 1: ↵ = 10.0%.
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Standardised
Built: 2001-2022 1(+)
Tra�c signals 3(-) 2(-)
Shops 1(-) 1(+)
Subj.: fastest 3(+) 3(+) 3(+) 3(+)
Subj.: easy to remember 3(+) 3(+) 3(+) 3(+)
Subj.: no obstructions 1(+) 1(+) 2(+)
Subj.: steep slopes 1(-) 2(-)
Subj.: lot of seating 3(-) 3(-)
Subj.: protected against weather 3(-) 3(-) 1(-)
Subj.: safe vs.tra�c 2(+) 3(+)
Subj.: safe vs. social risk 3(+) 2(+) 1(+) 2(+)
Subj.: like when dark 3(+) 3(+) 3(+) 3(+)
Subj.: well lit 2(+) 1(+) 3(+)
Subj.: other people 2(+) 3(+)
Subj.: well maintained 2(+) 3(+) 1(-)
Landmark: plot area 3(-) 3(-) 1(-)
Landmark: 1 criterion 2(-) 1(-) 1(-)
Unstandardised
Tra�c signals 1(-) 1(-)
Building in use (unmeasured) 1(+)
Demolition permit granted 2(+)
Educational 1(-)
Subjective: fastest 3(+) 3(+) 3(+) 3(+)
Subjective: easy to remember 3(+) 3(+) 3(+) 3(+)
Subjective: no obstructions 3(+) 1(+) 3(+)
Subjective: lot of seating 3(-) 3(-)
Subjective: weather protected 3(-) 3(-) 1(-)
Subjective: safe vs.tra�c 1(+) 3(+) 1(+)
Subjective: safe vs. social risk 3(+) 2(+) 3(+) 2(+)
Subjective: like when dark 3(+) 3(+) 3(+) 3(+)
Subjective: well lit 3(+) 1(+) 3(+)
Subjective: other people 3(+) 3(+)
Subjective: well maintained 2(+) 3(+) 1(+)
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Respondents in the 31-40 age are more likely to say that they like their
most-taken route more during dark conditions than the least-taken route
in their choice set.

• Respondent gender:

Male respondents exhibit a more significant di↵erence between their most-
and least-taken routes than female respondents do on their liking of the
most-taken route in the dark.

• Respondent place of residence

Respondents who have their home in the city for which they’ve provided a
route choice exhibit a greater preference for their most-taken route during
darkness over their least-taken route, than do respondents who do not live
in a given city.

After the Bonferroni correction is released e↵ects may tentatively be identified
on three additional interaction e↵ects.

• Bike availability:

With regard to the amount of seating: Respondents with access to bikes
exhibit a greater negative significant di↵erence between their most- and
least-taken routes than do people without bikes. This implies that peo-
ple who have access to a bike are more inclined to think that there is
insu�cient seating than do people who have no access to a bike.

With regard to liking a route when it’s dark: Respondents who have access
to a bike exhibit a more significant positive di↵erence than do people
without bike access. This implies that people with access to a bike have
a greater appreciation for their most-taken route compared to their least-
taken route than do people without a bike.

• Walking frequency:

With regard to the amount of seating: respondents who walk less have a
more significant negative di↵erence versus their least-taken route than do
people who walk more.

• Gender:

Respondents who self-identify as female tend to perceive there being in-
su�cient seating on routes than to their male counterparts.

4.3.3 Within-route distribution results

When route samples are tested for along-route di↵erences under application of
the Bonferroni correction three significant variables are found. These results
are listed in table 4.13. All results are found for midrange sample comparisons,
with deviations occurring on the third quadrant (between 50% and 75% of route
length, considered from the station) at a permissive 10% threshold. For both
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Table 4.13: Within-route distribution significant deviations for sub-question
four under application of the Bonferroni correction. Only sample pairs are
included which contain significant deviations. Notation: 3: ↵ = 2.5% , 2:
↵ = 5.0%, 1: ↵ = 10.0%. (+) and (-) indicate direction of deviation.

0-25 % 25-50 % 50-75 % 75-100 %
Midrange, dir. 1
Grass cover 1(+)
Noise: railway 1(+)
Midrange, dir. 2
Grass cover 1(+)

station egress and station access routes respondents’ higher frequency alterna-
tives feature comparatively more grass at this bracket. For station egress routes,
a significant positive di↵erence is also noted for railway-related noise pollution.
This implies that higher frequency routes feature more railway noise at this
distance range.

When the Bonferroni correction is released, a far greater list of significant
results is found, as is illustrated in table 4.14. Significant di↵erences between
higher-frequency and lower-frequency samples are found mostly on the second
half of the routes. When most- and least-used routes are compared, the ’other
function’-category tests significant on both directions. On the midrange options,
station egress routes witness both higher incidences of bushes, grass and noise
in the third quadrant, whilst station access trips only witness larger amounts of
bushes and grass there.
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Table 4.14: Within-route distribution significant deviations for sub-question
four upon release of the Bonferroni correction. Only sample pairs are included
which contain significant deviations. Notation: 3: ↵ = 2.5% , 2: ↵ = 5.0%, 1:
↵ = 10.0%. (+) and (-) indicate direction of deviation.

0-25 % 25-50 % 50-75 % 75-100 %
Most-least, dir. 1
Other function 2(-) 1(+)
Most-least, dir. 2
Residential 2(+)
Other function 2(-) 1(+)
Noise: railways 2(-) 1(+) 2(+)
Freq.(1)-freq.(5), dir. 1
Grass cover 2(-)
Noise: railways 2(+)
Midrange, dir. 1
Bush cover 3(+) 1(-)
Grass cover 3(+)
Noise: total 2(+)
Noise: roads 2(+)
Noise: railways 3(+)
Midrange, dir. 2
Bush cover 2(+)
Grass cover 3(+)
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Chapter 5

Analysis

This chapter compares the results of chapter 4 against the hypotheses which
were laid out in table 3.2 and table 3.3, with the aim of answering the research
questions. Additionally, general patterns which can be observed in the results
will be discussed with the aim of gaining deeper insight into dynamics of pedes-
trian route choice in the population sampled for this study.

5.1 Sub-question 3: Null hypothesis routes

This section takes a closer look at the results which were reported for sub-
question three. The section is structured according to the three analytical op-
erations which were outlined in the methodology.

5.1.1 Route geometry analysis

Coe�cient testing

Literature, as described in Appendix B.2, suggests a positive relation between a
route being the only alternative available and people’s propensity to take such
route: as fewer routes are available, people will become attracted to one option.
For this sub-question, this principle is translated to the overlap rate with null
hypothesis routes. If fewer routes are available, there should be less di↵erence
between the routes taken by respondents and those computed for the null hy-
pothesis routes. This e↵ect is illustrated for overlap with the least directional
turns route in fig. 4.5a, and for overlap with the shortest path in fig. 4.7a. In
these figures it is evident that ’always’ taken routes indeed overlap on average
10%-points more with the least directional turns path. However, when com-
pared to the shortest path, all higher-frequency routes in those comparisons
witness even longer overlap rates. Note that this latter overlap with the short-
est path is generally higher than overlap with the least directional turns path,
which suggests that least turns routes are not taken that often.
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Following theory it is hypothesised that detours act as a repellent on pedes-
trian route choice. Here, detour is interpreted as the route geometry concept of
’detour ratio’. Under the hypothesis for this variable it is expected that less-
frequented routes show higher detour ratios. As can be studied in fig. 4.5b and
fig. 4.7b, such an e↵ect appears to exist both when compared to the least di-
rectional turns and shortest paths. Statistically, the di↵erence for detour ratios
is less clear. When detour ratio is reconceived as route length, the absence of
a significant negative deviation for ’always’-taken routes when tested against
shortest path appears to confirm the hypothesised coe�cient: all routes are
longer, except for the highest frequency ones.

Other observations

When the results on route geometry are reviewed more generally, six other
patterns can be distinguished:

• On overlap with the least directional turns path, as evidenced by fig. 4.5a,
respondents’ routes appear to have relatively little overlap (just 42.5% as
opposed to 49%) for frequency classes on which respondents are consid-
ered to have an actual route choice. This may either be interpreted that
the least directional turns route is actively avoided when alternatives are
present, or that there are computational errors in this study’s definition
of that null hypothesis route (see section 6.3 for thesis limitations).

• On overlap with the shortest path, with values ranging between 71.8% for
egress and 70.4% for access, comparatively high overlap rates are found.
This suggests respondents have a fairly strong preference for shortest
paths, regardless of their trip direction, and a figure which on first sight
is in excess of the 53% which Shatu et al. (2019) claim is explained by
shortest path (and least turns path) motivations. However, it also raises
the question what factors cause the remaining 30% to di↵er from the
shortest path.

• On detour ratio figure fig. 4.5b shows how the least popular routes have
means which correspond to the least directional turns alternative. Con-
versely, the most popular routes show means which are highly comparable
to those for shortest paths. This again suggests that, in terms of route
length, respondents prefer short routes.

• On route length (fig. 4.6a) it is apparent that route lengths are noticeably
shorter for the ’always’ category. This may imply that on shorter dis-
tances (< 1000 m) respondents are less likely to consider potential route
alternatives, or may even have no realistic alternatives available.

• On maximum deviation, less frequented routes deviate further from the
bearing line. This holds especially for to-station trips. This suggests that
respondents are willing to opt for a less direct route on from-station trips.
This observation appears to be bolstered by the relative increase in route
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curvature on lower frequencies. This appears to be in line with the notion
of time pressure on to-station trips found by e.g. Hillnhütter (2016).

5.1.2 Route-aggregate analysis

Coe�cient testing

• Tra�c signals (literature: +): When tested against least directional turns
paths, no e↵ect is found for this variable for trips in either direction.
No significant deviations are found either when tested against shortest
paths on to-station trips. Upon release of the Bonferroni correction, tests
against shortest paths show a very slight (↵ = 10%) positive deviation
for tra�c light presence standardised data on ’never’ and ’least’ taken
routes for from-station trips. This means that respondents’ least popular
routes may at times feature more tra�c signals than the shortest path,
but is far from conclusive. This minimal finding is however bolstered by
the findings from the qualitative study, in which tra�c signals are often
noted as a feature which respondents try to avoid on their route choice.
This tendency to avoid tra�c signals implies a marked di↵erence from the
attraction which previous studies have found.

• Retail / business (literature: +/-): Tests against least directional turns
routes appear to deliver no results. Tests against shortest paths find that
shops feature more often on ’never’ and ’least’ taken routes, for both trip
directions. When considered for businesses, these are found to feature less
often on ’sometimes’, ’never’ and ’least’ taken routes. This may reflect that
many respondents have provided routes for trips in which they commute
to or from work. When this is compared to the qualitative motivations
reported by respondents, those mark a more positive inclination, with only
2 respondents actively avoiding shops. The mixed quantitative finding is
however in line with literature, which is similarly inconclusive on this topic.

• Stairs (literature: -): No significant deviations are found for the presence
of stairs, regardless of the null hypothesis route type or trip trip direction.
Although ’slopes’ are mentioned four times in qualitative responses, stairs
are not. Moreover, with two respondents attracted and two repelled, these
results are similarly inconclusive. This means that it is not possible to
make any statements on the e↵ect of stairs based on population sample
used used for this study.

• Plot size (literature: +): This variable only finds significant di↵erences
from shortest paths. For both trip directions it is found that there are
substantially fewer buildings with large plot sizes on routes which are
taken more often. If assumed to be reflective of behavioural preferences,
this would imply people actively avoid such buildings on their routes,
including cases where respondents are supposed to have a realistic set of
alternatives. No explicit mention of plot size or a similar expression is
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found among the qualitative responses. The negative quantitative finding
stands in contradiction to the findings in literature. Note however that
plot size is studied as ’landmark’ feature, which means that only buildings
are considered which are exceptionally large when compared to their the
local environment.

• Floor space index (literature: -): No di↵erences are found for this variable
across any of the tested categories. As with plot size, no qualitative moti-
vation is given on this feature type. This means that it is not possible to
make any statements on the e↵ect of stairs based on population sample
used used for this study.

• Tree, bush and grass cover (literature: +): The three ’green’ variables
perform more or less evenly. Significantly lower green coverage levels are
found on respondents’ routes when compared to least directional turns
routes. These results are so strong that they suggest computational errors
(see section 6.3 for thesis limitations). When compared to shortest paths,
slightly higher green values are found for higher-frequency from-station
trips. As the e↵ects are found on ’most’ and ’often’ taken routes (and not
’always’) it moreover suggests that an attraction to green occurs when re-
spondents have realistic choice between routes. No such values are found
for to-station trips. Although the relation is very faint (↵ = 10%), it
lends some credence to the finding by prior studies that green values at-
tract pedestrians in their route choice. This is reinforced by respondents’
qualitative responses, which note a fairly strong and exclusively positive
attraction to natural features.

• Noise pollution (literature: -): Slight e↵ects (↵ = 10%) are found for the
total of noise pollution on ’most’ and ’always’-taken routes, with a positive
attraction on ’most’-taken routes and negative on ’always’. Noise caused
by roads or railways does not strike any significant e↵ect. Route direction
does not appear to matter. These findings seem contradictory and hard
to explain. Assuming that ’most’-taken routes may include situations in
which respondents have route choice, it would mean that respondents do
not mind higher noise levels on their routes. A more explicit result is given
by respondents’ qualitative motivations. Here, ’busy roads’ are mentioned
as the foremost reason not to take a route alternative. If this were indeed
to be true for the population, that supports the finding by prior research.

Other variables

In addition to the findings related to coe�cient directions, three other variables
are found to exhibit significant e↵ects.

• Residential buildings: When compared to least directional turns routes,
respondents appear to include fewer residential buildings on their most-
taken routes in both directions. This e↵ect is not found when tested
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against shortest paths. Building residential function has been introduced
as proxy for first-floor dwellings. This suggests that the negative coe�cient
suggested by literature also holds for the population investigated in this
study. Building function is also considered as proxy for land-use mix.
Here, this results suggests a negative coe�cient may be applicable.

• Building reconstruction: This variable is found to feature less on ’some-
times’ (to-station) and ’least’ (from/to-station)-taken routes than on short-
est path alternatives. No such e↵ects are found when compared to least
turns routes. As the e↵ects do not exclusively include the category ’never’,
this may imply that avoidance of reconstruction sites is a deliberate be-
havioural decision. As building reconstruction (as form of building status)
is posited as proxy for overall attractiveness, this result suggests a nega-
tive coe�cient is in place for building reconstruction as element of overall
attractiveness.

• Mean year of construction: ’Always’-taken routes for to-station trips in-
clude significantly older mean building ages than shortest path alterna-
tives. No such e↵ects are found when compared to least turns routes. As is
illustrated in fig. 5.1, these trips generally pass via buildings with a median
construction year of 1925, rather than 1940 as on other trip frequencies.
As building age has been conceived as proxy for building attractiveness,
this may suggest that a negative coe�cient may be in place for building
age as predictor for overall building attractiveness.

5.1.3 Within-route distribution analysis

When least directional turns paths are considered as null hypothesis, a higher-
than-expected level of noise is found on the station-end of respondents’ trips
(regardless of direction or frequency). As aggregates are evened out, this pre-
sumably means that the remainder of respondent routes are (slightly) quieter
than would otherwise be expected. Such di↵erence is however not significant
across the population.

When shortest paths are considered as null hypothesis, this prevalence of
noise on the station-side is not as evident, which suggests that least turns routes
follow a di↵erent station access/egress sequence. Instead, noise levels peak in
the third quadrant. This aligns with increases in bush and grass coverage lev-
els. As trees do not feature at an above-average rate, this suggests open fields
where noise might carry further. Architectural styles only cluster on less-popular
routes, but the exact meaning of this is hard to assess.
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Figure 5.1: Distribution of mean year of construction of buildings along to-
station trips.

5.2 Sub-question 4: Respondent route choice
sets

This section takes a closer look at the results which were reported for sub-
question four. The section is structured according to the three analytical oper-
ations which were outlined in the methodology.

5.2.1 Route geometry analysis

In terms of route overlap, the overall population shows that for a small mi-
nority of respondents the most- and least taken routes are largely the same.
When considered across all respondents, for all sample-pairs less than half of
the higher-frequency route is overlapped by the lower-frequency route. When
the ’always’ and ’never’ frequencies are excluded - i.e. when the area in which
active route choice behaviour is considered to be possible, approximately 75%
of the higher-frequency routes overlap by less than 50% with the least-taken
route. Although not tested due to the computational complexity of such ques-
tion, this remaining half may be assumed to feature in and around OD-point
entry and exit as these are the areas where routes converge and comparatively
fewest alternatives will exist. With regards to the hypothesised coe�cient, no
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’always’-’never’ sample pairs overlap by 100%, and 89% of these pairs overlap
by less than 50%. This suggests that ’never’ taken routes are indeed very di↵er-
ent and the ’always’ taken route might indeed be considered the ’only available
route’.

With regards to the detour ratio, it is found that most-taken routes range
from 140% to 150% of bearing line length, and lowest frequency routes from
143% to 178%. Indeed, the lower frequency alternatives structurally feature a
greater detour ratio from the bearing line length than higher-frequency routes.
This lends evidence to the finding in literature that a negative coe�cient applies
to detour ratio.

5.2.2 Route-aggregate analysis

Coe�cient testing

• Tra�c signals (literature: +): This variable is found to have a very slight
negative relation (↵ = 10% without Bonferroni correction) on all sample
pairs and directions aside from the most vs. least used pair of to-station
trips. As such, there is a suggestion that pedestrians might opt for routes
which contain fewer tra�c signals, suggesting a negative coe�cient should
be in place. As mentioned in the analysis for sub-question three, this
finding is in line with qualitative motivations given by respondents. These
quantitative and qualitative findings are however in distinct contradiction
to the relation which is hypothesised by the literature.

• Retail / business (literature: +/-): A slight (↵ = 10% without Bonferroni
correction) positive relation is found for most-used trips to from the train
station. A similarly modest negative relation is identified on midrange-
least trips to the station. This suggests people may opt for routes which
include more shops when travelling from the station, but with fewer shops
when walking to catch a train. Analysis of respondents’ qualitative mo-
tivations express a more ’positive’ attracted image. This mixed positive
/ negative coe�cient from the quantitative analysis appears to be in line
with the mixed relation suggested by literature.

• Stairs (literature: -) / steep slopes (literature: -): Neither urban feature
variable tests or qualitative motivation analysis have found a distinct pos-
itive or negative e↵ect on stairs or slopes. For the subjective variable
’steep slopes’, a positive significant e↵ect is found in standardised data
on to-station trips. This implies that such trips require pedestrians to
navigate more steep inclines than less-taken routes. This would imply a
positive coe�cient, which stands in contrast to the results obtained in
prior studies.

• Plot size (literature: +): Tests on standardised data without Bonferroni
correction for station egress trips have identified fairly strong positive re-
lation between landmark-size plot areas and trip attraction. This e↵ect is
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far less clear for station access trips. This suggests that respondents in-
clude more buildings with large plot areas when walking from the station,
implying a positive coe�cient. As noted for sub-question three, qualita-
tive responses give no conclusive insight on this matter. The quantitative
findings on this variable are in line with literature.

• Floor space index (literature: -): None of the tests performed for this
sub-question have found significant e↵ects on this variable. Qualitative
analysis o↵ers no additional insight either. As such, the coe�cient found
in literature cannot be commented on.

• Tree, bush and grass cover (literature: +): None of the tests performed
for this sub-question have found significant e↵ects on this variable. As
noted for sub-question three, qualitative motivations are less ambiguous
and note a distinct preference for natural features, supposing a positive
coe�cient. This quantitative finding would be in line with literature, but
can as such not be supported quantitatively.

• Noise pollution (literature: -): None of the tests performed for this sub-
question have found significant e↵ects on this variable. Qualitative moti-
nation analysis does however note a distinct dislike for ’busy roads’ as the
foremost repellent feature. This qualitative finding would be in line with
literature, but can as such not be supported quantitatively.

• Fastest (literature: +): This variable is found to be strongly positive
across all tested categories. Most-taken routes are as such experienced as
being faster vastly more so than other alternatives. This is inline with
qualitative motivation analysis, which finds route speed to be explicitly
mentioned as the second-most attractive feature, after the highly related
feature of route lenght. This implies a distinct positive coe�cient is in
place, which is in line with the literature.

• Well maintained (literature: +): This variable is found to be positive for
most and least taken routes, but substantially less so for the midrange
subsection. This suggests that the e↵ect may as such hold especially
for the di↵erence between ’always’ and ’never’ taken routes. Qualitative
motivations mention maintenance as an attractive feature, but don’t do so
often. Such positive coe�cient is in line with findings from prior studies,
but cannot as such be determined conclusively.

• Safe vs. social risk (literature: +): This variable tests (strongly) positive
across all sample pairs. Although the level of significance di↵ers, across
route directions, it is not possible to conclusively identify a coherent trip
direction e↵ect. This positive perspective is reflected in motivations anal-
ysis, with respondents mentioning a preference for social safety more often
than tra�c safety. The positive e↵ect implies a positive coe�cient, which
is in line with the literature.
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• Like when dark (literature: +): This variable tests strongly positive, espe-
cially (incl. Bonferroni correction) on station egress routes. This implies
that respondents have a distinct preference for their most-taken routes
when its dark and experience this most acutely when leaving the station.
Interestingly, ’darkness’ is never specifically mentioned in qualitative re-
sponses although a dislike for ’tunnels’ suggests darkness is not something
respondents are fond of. This is in line with the positive coe�cient found
in literature.

• Other people (literature: -): This variable tests positive for from-station
trips on all non-Bonferroni correction data. It suggests that routes which
are taken from the station to the external OD-point pass through areas
which are significantly more crowded than other possible routes. Interest-
ingly, qualitative responses contradict this, with ’crowds’ or ’other people’
being mentioned as a repellent more often than an attraction in route
choice. The quantitative finding also stands in contrast to the coe�cient
which is found in literature.

• Safe vs. tra�c risk (literature: +): For this variable it is found that
more-frequented routes are generally perceived as being safer from tra�c
risks than alternatives. This e↵ect appears to be strongest for ’most’-
taken egress routes, with e↵ects on other tests varying. Qualitative results
mention tra�c safety as an attractive feature, but not tremendously often.
This apparent tendency to take routes which are perceived as ’safer’ is
in line with the literature, although not as strong as would have been
expected.

• Lighting (literature: +): This variable shows some similarity with the ’like
when dark’ category, although the e↵ect is less strongly so. As such, well-
lit routes are preferred on the egress-leg trips on both sample pairs. This
finding that more-taken routes are better lighted is in line with literature.

• No obstructions (literature: +): This variable finds that respondents feel
that their often-taken routes are more likely to have no obstructions on
them than alternative routes. This e↵ect appears to be strongest for
egress-direction trips. Qualitative analysis also notes a number of respon-
dents who specifically mention lighting as a positive decision criterion.
This finding supports the observation in literature that pedestrians are
repelled from routes which feature more obstacles.

• Protected against weather (literature: +): For this variable it is found
that respondents’ often-taken egress routes are experienced as substan-
tially poorer in terms of weather protection than alternatives. This im-
plies that although people take certain routes more often, these routes are
taken despite there being alternatives which are better protected. Inter-
estingly, weather protection is specifically however mentioned as a positive
characteristic by nine respondents, but may have pertained by less-taken
routes. This quantitative finding runs against the finding in literature that
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pedestrians are attracted to routes where they are well-projected against
bad weather.

• Lot of seating (literature: +): For this variable a strong (Bonferroni-
corrected) negative relation is found for ’most’-taken station-egress routes.
Upon release of the Bonferroni correction, a similar e↵ect is found on
the midrange sample pair. This suggests that more-frequented routes are
taken, despite respondents feeling there are substantially fewer seating op-
portunities than on available alternative routes. Seating is not mentioned
as qualitative motivation by any respondent. These findings run against
what is found in the literature.

Other variables

In addition to the variables which were tested directly and for which hypothe-
sised relations were found in literature, only one e↵ect is found to test stronger
than the permissive 10% threshold.

• Educational: More buildings containing educational functions feature on
midrange routes for station access. Although it seems unlikely that peo-
ple actively seek out such buildings on their way to the station, it may be
reflective of a certain attractiveness about the types of environments and
streets at which educational facilities are situated. An alternative expla-
nation may be that this is the result of a bias incurred by a comparatively
large number of respondents in the university city of Delft.

5.2.3 Within-route distribution analysis

With application of the Bonferroni correction a higher incidence of grass cover
is registered in the third quadrant of midrange subset trips in both directions.
For station access trips higher levels of railway-based noise are also found in
this area. These results are largely in line with those for sub-question three,
suggesting that there may be some e↵ect in this regard. The prevalence of
railway-based noise at this distance from the station is however hard to explain.

Upon release of the Bonferroni correction, most additional e↵ects are also
found for the third quadrant. Interestingly, the ’always’ and ’never’ sample pair
displays an e↵ect of grass cover which is the opposite of the e↵ect found for the
midrange-subset: a lower incidence in the third quadrant. Meanwhile midrange
trips display a concentration of bushes as trees in this quadrant also. Combined
this may suggest that, if given a route choice set, respondents opt for routes
which contain a level of green concentration.

5.3 Fundamental null hypotheses

In section 3.1.1, sub-questions three and four were redefined in terms of two
fundamental null hypotheses. With all results reported and analysed, it is now
possible to test these hypotheses.
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5.3.1 Sub-question 3

For this sub-question the hypothes is held that ”[...] a pedestrian’s route is
either the shortest path or least directional turns path, irrespective of urban
features which may or may not be present along these routes.” In the light of the
data which has been obtained by this study, the thesis rejects this hypothesis
with regards to the least directional turns path. The hypothesis is however
accepted as ’mostly true’ with regards to shortest paths.

For the least directional turns path, this verdict is based on the following
points:

1. Considered geometrically: Least directional turn route geometry gener-
ally performs in a highly erratic manner. Routes are long, have large
deviations are contain many curves. These characteristics are found to
be most similar with the less-frequented route alternatives provided by
respondents.

2. Considered in urban features: Tests identify highly significant di↵erences
between variable scores of e.g. green and noise on least directional turns
and respondent routes. These di↵erences are highly significant, even with
the application of the Bonferroni correction. This suggests that routes are
highly dissimilar even when sample variance is considered.

3. Considered qualitatively: Seven respondents explicitly mention that the
comparatively lower number of turns on a route are a matter which attract
them to it. In contrast to the prior considerations, this finding lends some
support to the hypothesis. Considering the substantially larger qualitative
support for the shortest path motivation, this preference of few turns is
comparatively modest. It may however suggest that further research may
be required.

For the shortest path, this verdict is based on the following points:

1. Considered geometrically: Route geometry shows that more-frequented
respondent routes converge on shortest paths in terms of total route length.
This similarity is matched in terms of secondary characteristics such as
e.g. maximum deviation or eccentricity.

2. Considered in terms of urban features: In terms of di↵erences in urban
features, higher frequency respondent routes generally do not exhibit large
di↵erences.

3. Considered qualitatively: The ’shortest path’ is the route characteristic
which respondents mention most often as motivation for their route choice.

Note that although respondent routes overlap by approximately 75% with short-
est paths, 25% do not. When compared with the large number of responses in
qualitative verification noting a preference for the ’fastest’ route suggests that
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what people truly prefer is slightly di↵erent from the shortest path: they prefer
the ’fastest’ path. In many cases these will be the similar, but not exactly the
same. Tra�c lights and obstacles are found as possible causes for this.

5.3.2 Sub-question 4

For this sub-question, the hypothesis held that ”[...] there is no di↵erence
between often taken and not-often taken routes in terms of features in the urban
environment.” In the light of the data which has been obtained by this study,
the thesis firmly rejects this hypothesis.

1. Considered geometrically: It is found that substantive di↵erences exist
between higher-frequency and lower-frequency routes. Amongst others
lower- frequency routes are found to deviate from the bearing line further
and on average longer. These e↵ects a replicated across all tested sample
pairs and trip directions.

2. Considered in terms of quantitative urban features: Tests on urban fea-
tures between respondents’ ’known’ routes don’t find incredibly large dif-
ferences. Nevertheless, less-taken routes are found to contain more tra�c
lights and substantially fewer large buildings.

3. Considered for subjective urban features: Tests on subjective features
show that respondents experience the routes which they know of to be
substantially di↵erent from each other. These di↵erences are most pro-
nounced in terms of speed, ease by which routes can be remembered and
route attractiveness in the dark. Upon release of the Bonferroni correc-
tion, almost all subjective variables are found to exhibit significant dif-
ferences. In addition to these dimensions, di↵erences between routes also
stand out in terms of trip direction: respondents express a clear preference
for routes containing certain features when travelling in certain directions.
This again contradicts the hypothesis that routes are the same.

4. Considered qualitatively: In line with the subjective experiences, qual-
itative motivations provided by people exhibit distinct preferences and
dislikes of routes and features on them. For instance, many routes are
avoided due to them being along ”busy roads.”

Note that this null hypothesis is largely rejected based on geometric, subjective
and qualitative considerations. If regarded in a narrow sense and only results
on geographically measured urban features are considered, di↵erences do not
appear to be tremendously large and the hypothesis might have to be main-
tained. In the light of this observation, it may be more accurate to claim that
routes are ’experienced’ to be di↵erent thus leading to route choices, rather than
routes di↵ering all too much in an objective sense. This may however also be
contingent on the variables which this thesis has considered. Further research
is required.
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Chapter 6

Discussion and conclusions

This thesis analyses relationships between the urban environment and pedes-
trian route choice. This was done using a method that o↵ers several innovations
over the existing body of literature. This chapter presents the findings of this
study.

This chapter is structured as follows: first, in section 6.1 the main findings
of this study are presented, discussing both theoretical insights and the perfor-
mance of the applied methodology. Second, in section 6.1.2 these findings are
reflected upon in a conclusion. Third, in section 6.3, the findings of this study
are qualified and contextualised in order to understand what they do (not) rep-
resent. Fourth, in section 6.4 the implications of the findings of this thesis for
practitioners is reflected upon. Fifth, in section 6.5 the implications for research
are reflected upon and potential avenues for future research are proposed.

6.1 Main findings

6.1.1 Theoretical findings

This thesis has performed four types of analysis, across 105 respondents and
up to five times as many routes. From this analysis five main findings can be
identified.

First, variable coe�cients confirmed. This study has found that the coe�-
cients for a number of urban features are in line with what would be expected
from the academic literature. Some level of quantitative confirmation is found
for a mixed attraction/avoidance of retail/business, an attraction towards ur-
ban green, well-maintained footpaths, tra�c safety, lighting and obstruction-
free footpaths, and finally an avoidance of noise, darkness and social risks.
This means that pedestrians in the Netherlands are expected to exhibit sim-
ilar navigational traits when confronted with these features as their peers in
more extensively studied areas overseas.

Second, variable coe�cients deviated from. The similarity from point one is
however not complete. Dutch pedestrians exhibit markedly di↵ering behaviour
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on a number of points. In contrast to their peers overseas, they are found to
avoid tra�c signals, exhibit an attraction to routes which have many other
people on them, and finally show an indi↵erence to weather protection and
seating. Some of these characteristics may be dependent on a context which
this study has not been able to study in as much depth as it would have liked
(e.g. the low number of elderly respondents may obscure e↵ects on seating),
or were less distinct in qualitative verification. Further research is required to
better understand dynamics on these characteristics.

Third, a preference for ’fastest’ routes. The assumption of this thesis was
that for pedestrians route length is indicative of trip duration. Geometric anal-
ysis showed that those routes which respondents take more often show a large
similarity with the shortest path: both in terms of overall length, but also other
indicators such as deviation and curvature. However, exact overlap with short-
est paths is rare. Here, the finding that respondents avoid tra�c signals and
strongly feel that a route is fastest (more so than easy to remember) suggests
that pedestrians have a distinct preference for perceived route speed over pure
route length. This implies that pedestrians are willing to accept (small) detours
if this gives them a route which they perceive to be faster.

Fourth, pedestrians are more susceptible to urban features on their station
egress trips. A range of variables are found to strike more significant di↵er-
ences when tested against baseline alternatives on routes from train stations.
Geometry analysis shows that people are willing to accept larger maximum de-
viations on their egress routes. Taking a step back, two categories of preferences
might be identified: ’recreation’ and ’social safety’. Here, recreation reflects the
higher incidence of shops, nature, larger buildings and fewer obstructions. A
social safety category may in contrast be identified in the preference for certain
well-lit routes when travelling in the dark, routes which are safer from tra�c,
and have more people on them. These categories should be explored in further
research.

Fifth, green and fields in the third quadrant. Within-route distribution
analysis finds recurring deviations from baseline routes in terms of green and
railway-induced noise in the third quadrant (between 50 and 75% of trip pro-
gression considered from the train station). It is observed that such ’green’
values often pertain to the grass category. The open character of grasslands
suggests that noise from far-o↵ railways might echo across them.

6.1.2 Methodological findings

This thesis applied a methodological approach which innovates over approaches
used in other pedestrian route choice studies. Overall, this process worked
as planned: route data were successfully collected and prepared, and relevant
urban feature data was available and could be applied to routes in a way that
permitted analysis. In terms of e↵ectiveness, two methodological issues stand
out.
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Data quality and availability

As a quasi-revealed preference study, the method applied in this study is inher-
ently data-driven. The most severe challenges in application of the method are
as such related to data issues. First, despite intending to generate a fully inte-
grated process, user-entered routes were so ’messy’ that some manual filtering
turned out to be necessary in data preparation. Due to the limited number of
responses it was not preferable to simply drop those responses which exhibited
poor fit. Clearer instructions and more rigorous filtering algorithms should be
able to deal with this.

Second, route data availability remains a challenge. For the present study,
the survey did obtain a decent insight into route data. However, for such re-
search, an extensive and cooperative respondent population. This is a shortcom-
ing when compared to e.g. counts, which can be performed without requiring
pedestrians’ active participation.

Third, the importance of social experiences. As is apparent from the compar-
atively strong results on subjective questions and qualitative verification anal-
ysis, route choice is a↵ected by a range of highly subjective processes. This
pertains to e.g. people’s sense of safety or crowding. For this study no equiva-
lent open geodata sources were found from which these dimensions could have
been studied - at least not at the country-level scope.

Fourth, data uniformity. if data is assessed at a country-wide level, it is
important that this data is measured and represented uniformly across the study
area. Here, government-sourced data seems to be of a high standard. However,
user-sourced data (e.g. Open StreetMaps) exhibited substantial di↵erences in
the manner by which features are stored across space. For example, one city
may contain tra�c signals with the ”pedestrian”-label, whilst such labels are not
applied in another city. This requires careful consideration in choosing which
features to study.

Fifth, script development time. In order to perform a study as described in
this thesis, a lot of time must be spend on coding. This time spent on coding is
required before results are obtained, which means that the process lacks a certain
flexibility: adding / excluding features is comparatively time-demanding. This
time or ability to focus on coding may not be available to other researchers.

Coding errors

When the results for comparisons against least directional turns paths and short-
est paths are contrasted, the results found for the former contain a number of
largely unexpected results. Three such discrepancies are noted:

First, tests against least directional turns routes exhibit highly significant
di↵erences even after the application of the (notoriously conservative) Bonfer-
roni correction. In contrast, similar tests against shortest paths don’t. This
means that samples related to least directional turns routes are vastly more dif-
ferent from respondent-entered route samples than shortest paths samples are
in terms of urban variables.
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Second, when overlap geometry is considered, routes appear to have rela-
tively little overlap with least directional turns routes for frequency classes on
which respondents are considered to have an actual route choice. This may
be interpreted that the least directional turns route is actively avoided when
alternatives are present. Whatever the least directional turns route is, people
are not taking it.

Third, when considered in terms of the curvature geometry variable, the
least turns routes are structurally found to have more curves than either the
routes taken by respondents or the shortest paths. The expectation would, by
definition, have been the reverse: the least turns route is after all mathematically
optimised to have as few curves and as many straight lines as possible.

Here, it is noted that feature loading and analysis are performed using the
same code for both least directional turns and shortest paths routes. The main
di↵erence between these routes lies in their route computation: the shortest path
is based on a ’simple’ distance-based shortest path, whilst the least directional
turns path is computed from a ’dual graph’ network containing turn degree
data. This suggests errors may have occurred in this phase of development,
which weren’t picked up before results were obtained.

Consequently, an additional manual check is performed on the routes which
are generated by the least directional turns algorithm. As can be seen in Ap-
pendix ??, least turns route contains turns (more or less halfway the route)
which clearly add rather than remove turns from the route. This may mean
that the methodology used for implementation needs further review. With the
cause of the issue as of yet unknown, this implies that results which have been
reported for the least turns route are best seen as an undefined ’other possible’
or perhaps even quasi-’random’ route.

Such a reconceptualisation of this route generally permits for two findings:
firstly, it confirms that routes taken by respondents are to some extent directed
in their route choice: indeed, the routes taken by respondents are generally
shortest and straighter. Second, it indicates that there are limits to the e↵ort
respondents are willing to make in order to obtain higher/lower scores on the
variables which these (not so-) least turns routes deviate significantly on. A
more in-depth and better tested study will however be needed to come up with
more meaningful insights.

6.2 Main conclusions

This study set out to answer the following research question: ”To what extent
do features in the urban environment cause pedestrians to adjust their walking
routes to or from heavy rail train stations in the Netherlands?” This question is
defined as being contingent on two sub-questions. Upon review of all data, the
null hypothesis for sub-question three is partly rejected. The null hypothesis
for sub-question four is wholly rejected, albeit primarily on respondents’ subjec-
tive and qualitative motivations. With these realisation set, the main research
question can be answered.
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Geometric analysis has identified that more-frequented respondent routes
display strong similarity with shortest paths. Existing di↵erences result in fairly
limited di↵erences in route length, detour ratio and deviation. When considered
in terms of variables, amongst others tra�c lights, building plot area, noise
pollution (total, but also road or railway-specific), green cover and building age.
Distinct subjective preferences are found, with particularly strong e↵ects for
route speed, ease by which a route can be remembered and routes’ suitability in
the dark - especially for egress trips. Upon study of the within-route distribution
of features, a higher incidence of green values and noise pollution are noted in
the third quadrant. When controlled for interaction e↵ects with respondent
background, walking trips by frequent train travellers, especially those between
31 and 40 years of age, are found to witness higher incidences of o�ce buildings
along their routes. Subjectively, e↵ects are found for amongst others, age, local
residence and liking of routes in the dark.

In qualitative review of the results found by analysis it must be concluded
that pedestrians are generally inclined to take routes which they perceive to be
’fastest’ and ’easy to remember’ for the bulk of their walking trips. These routes
di↵er from the ’shortest’ path on features such as avoidance of pedestrian delay
caused by tra�c lights, unease caused by busy tra�c or places that are less
pleasant at night. People’s ability to identify such routes seems to be impacted
by their availability of a bike and whether they live in the city in question.
Presumably these a↵ect their familiarity with local pedestrian infrastructure.
In addition to these ’fast’ trips, people are found to like ’variation’, and may
take alternative routes just to have a di↵erent view. These routes are generally
marked by a higher incidence of pleasant environmental features such as urban
green, historical buildings and lower noise pollution levels.

In review of the methodological innovations attempted in this thesis, it is
concluded that this method is indeed feasible and is capable of generating in-
teresting results. The online GIS survey has permitted for the comparatively
low-e↵ort accumulation of geographically dispersed responses. Matching routes
with open geodata worked quite smoothly. Together, this suggests that this
method is highly suited for further application in both academia and practice.
The method is however not free of issues: implementation is complex and some-
what inflexible, which makes correcting errors (such as the one on the least turns
route) hard if these are not picked upon in time. As evidenced by the modest
number of respondents upon which this study is based, obtaining respondents
remains a key vulnerability. However, if a project is well planned, researchers
are su�ciently skilled in python coding and are able to obtain large numbers
of respondents, the method o↵ers a highly e↵ective improvement to pedestrian
route choice studies.

6.3 Assumptions and limitations

The results of this thesis are contingent on a range of assumptions pertaining
to the method, data and manner by which these have been implemented. These
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a↵ect these results’ overall representativeness or explanatory strength. Some of
these have been mentioned as notes to applicable technical points in the text.
Here, some of the main qualifications to study outcomes will be reviewed.

Firstly, the study has only studied pedestrian route choice in the narrow case
of walking routes to and from train stations. Although the public transport-leg
of respondents’ trips was assumed to be constant, the very nature of walking
to catch or egress from a train may cause additional behavioural motivations to
be at play. For instance, respondents may make other trade-o↵s on e.g. tra�c
safety or environmental aesthetics when they need to catch a train or walk back
from a work commute, than when doing their groceries. Other trips may be
subject to other considerations and as such exhibit starkly di↵erent navigational
characteristics. On a deeper level, it also assumes that people even walk to train
stations in the first place. As some responses to the qualitative response field
indicated many prospective respondents only ever travel to the station by bike.
The navigational preferences of these and other travellers who don’t customarily
perform walk-train trip chains, may be di↵erent and not reflected in the results.

Secondly, the study is based on a comparatively small sample. This has
precluded modelling as analytical tool, but also a↵ects the descriptive statistics
which have been applied instead. Although the consequences for tests which
use the full respondent sample (e.g. the ’most-used’ and ’least-used’ sample
pairs) are expected to be somewhat limited, subsets are a↵ected. Subsets with
few data points will display more variation around the mean than exists in the
population. Such larger variation may in turn cause statistical tests to identify
certain sample pairs as significantly di↵erent where such a result might not
have been applicable. As such, results for full-respondent sample tests are to be
considered more reliable than those based on subsets.

Third, the survey upon which results for this study are based, does not re-
quest respondents to specify routes according to the time, circumstances during
which or purpose for which they use them. This may hide important di↵erences
in e.g. route choice between day and night, weather conditions or commute vs.
recreational use. Tests on subjective data find that respondents’ often-taken
routes are generally also preferred at night. However, it is not known whether
these routes are taken most often because people generally perform their walk-
ing trip after subset, and whether they’d have a di↵erent favourite route when
it is light.

Fourth, baseline testing. This study has tested route characteristics against
those of other routes in the respondent’s consciously considered choice set, or
two mathematically-defined alternatives. Moreover, tests are only performed
per test-sample and baseline sample pair, but not across pairs. The conse-
quence of this is that the study actually just tests di↵erence from how certain
variables feature on baselines as sets of routes. Although testing is done in
terms of variables, such variables may have featured on various di↵erent routes
for each respondent, in various di↵erent circumstances. Such variability is not
considered, which means that the exact impact of a certain type of variable on
its own is, ultimately, not conclusive.

Fifth, within-route distribution. Following on point four, this manner of
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analysis tests whether respondent routes contain substantial deviations from
the distribution of the baseline sample. Consequently, cases where respondent
routes exhibit distributions which are similar to those on the baseline sample will
not register: the actual distribution of features along routes overall is not known.
As indicated by several of the qualitative responses, within-route distribution -
notably an appreciation for ’variation’ - is a dimension which respondents claim
to appreciate. This dimension cannot be fully grasped with the present results.

6.4 Implications for practice

By investigating walking as distinct mode of urban transportation, this thesis
has set out to engage with a topic of particular societal relevance. The knowledge
generated by this thesis can be used as an input by urban planners and designers
for their e↵orts to create an urban sphere which people are not only able, but
also willing to traverse on foot. As station bike sheds in the Netherlands are
chronically too full to meet demand, cities and rail operators may want to
facilitate walking as serious mode of station access and egress. This thesis o↵ers
several lessons by which this may be achieved. Although results are too nuanced
to sum up here, key findings include pedestrians’ intense dislike of detours and
perceived delay due to tra�c signals. Similarly, pedestrians seem to have a
prefer routes with fewer buildings with large plot areas. In what might be bad
news for shopping mall operators (e.g. Hoog Catherijne in Utrecht), utilitarian
pedestrians do not appear to be tremendously enthusiastic of shops en-route to
the station. Finally, subjective inputs studies for this thesis find that detailed
consideration is required for routes which people are comfortable taking at night,
a e↵ect which interaction e↵ect analysis shows is important for both men and
women alike.

With an eye to the ’Loopmonitor’ project by Witteveen+Bos, this thesis
o↵ers further information on the relative importance of urban features in the
attraction of pedestrian flows. This permits for further calibrating of that model
to predict crowding in the urban sphere - and how utilitarian walkers may navi-
gate these. In addition to these and other results, the methodological framework
posited for this thesis may also be of interest to societal actors. The data sets
which have been selected for analysis in the present study can be replaced by
any urban elements for which data is available. As such, it o↵ers a toolset
which cities can use to analyse the extent to which pedestrians are attracted to
or avoid elements of policy relevance such as e.g. artworks or signposts.

6.5 Implications for research

This study has sought to contribute to the emerging field of pedestrian route
choice studies. This study believes that it contributes to academic literature
two levels:

Firstly, in terms of results, this study lends support to a number of previous
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findings in the academic literature and/or expert insights for features presented
in chapter 5. Di↵ering e↵ects have however also been found, which raises several
questions as to whether these results are correct and if so what their underly-
ing causes are. In a preliminary exploration as to why these e↵ects might di↵er
from the extant literature, qualitative text-coding analysis has given insight into
respondents’ motivations for such perspectives. Further research will need to
identify the validity of these results and whether they are for instance reflective
of underlying cultural or geographical dynamics. In addition to testing the gen-
eral validity and direction of variable coe�cients, this study has gone three steps
further, by identifying how variables di↵er by trip direction, the distribution of
certain features along route length and the e↵ects of respondent background on
perceptions. These aspects constitute distinct contributions to the literature.

Secondly, methodologically this thesis has tested an analytical methodol-
ogy which scales up self-reported revealed preference pedestrian route choice
research by applying a fully digital data collection process as well as a dynamic
download-based feature testing process. By collecting pedestrian route data by
means of an online survey with an integrated GIS-functionality, route data can
be collected for a geographically more dispersed population. This has indeed
permitted this study to leverage data inputs from a far greater constituency,
across a great number of pedestrian environments. The dynamic-downloading
process of feature data was found to nicely complement the the survey method
and e↵ectively enabled matching of urban features to route data at a truly
country-wide level. As far as this study is aware, this has not been tried before
and the implementation tested in this thesis may lend itself to new and exciting
research.

This being said, the results from this study are far from complete and are
best seen as an initial inroad or ’proof of concept’. The most solid findings of this
study are obtained through subjective/qualitative means, and are only in part
confirmed by the geodata method. Moreover, several important data types such
as feeling of safety do not appear to be retrievable from open data. Although
it is found that the online survey tool can indeed collect data for a more wide-
ranging area, it is also found that a more deliberate e↵ort remains necessary to
obtain an adequate number of respondents. Qualitative responses found for this
study identify that one way by which this might be achieved is by studying trip
types which people are more likely to perform on foot: e.g. to the local bus stop
or supermarket. By extension, the data collection - dynamic analysis process
isn’t fully integrated: in order to enable data processing for larger numbers of
respondents the manual data cleaning performed in this thesis will need to be
automated. The widespread agreement by respondents that their more often
taken routes are ’easy to remember’ moreover suggests that there might be some
truth to the least directional turns hypothesis: a rerun of the present study with
corrections on that area might deliver interesting results.

If these challenges can be overcome, it is recommended that this study is
replicated with a larger and more geographically balanced respondent sample
so as to enable analysis based on modelling rather than descriptive statistics.
This would permit for the generation of substantially more rigorous analytical
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outcomes. Additionally, future studies can set out to include include some of
the variables which this study did not get round to such as footpath width. As
shown by this thesis, a wealth of open geodata exists which can be tapped into
for academic purposes. The feature selection process might also be improved
upon, with a bu↵ering approach that is more sensitive to link-level line-of-sight
being a top priority. A final recommendation pertains to within-route analysis,
which appears to be a scantly studied topic overall. This thesis has shed some
initial light on how distributions di↵er from baseline samples. However, a more
rigorous investigation could study distributions which are preferred by people
on their own accord without testing these against baseline samples. As far as
this study can assess based on the literature which it has reviewed, that would
establish an as of yet unstudied subarea of research.
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International journal of sustainable transportation, 3 (4), 203–226.

Chorus, C. (2021a, April). Sen1221 lecture 2: Part i: Choice behaviour mod-
elling and the logit-model. TU Delft, Faculty of Technology, Policy and Man-
agement.

Chorus, C. (2021b, April). Sen1221 stated choice, lecture 1: Introduction to
experimental designs. TU Delft, Faculty of Technology, Policy and Manage-
ment.

City of Amsterdam. (2021). Walkability. Retrieved from
https://maps.amsterdam.nl/walkability/?LANG=en

Crang, M. (2005). Methods in human geography: a guide for students doing a re-
search project, chapter 13: Analysing qualitative materials. Pearson Prentice
Hall.

CROW. (2021). Kennismobile voetgangers. Retrieved from
https://www.crow.nl/online-kennis-tools/kennismodule-
voetgangers

120



TIL5060 - J.K. Krom Pedestrian route choice and the urban environment

Daniels, R., & Mulley, C. (2013). Explaining walking distance to public trans-
port: The dominance of public transport supply. Journal of Transport and
Land Use, 6 (2), 5–20.

de Klerk, L., & van der Cammen, H. (2008). Ruimtelijke ordening, van gracht-
engordel tot vinex-wijk. Het Spectrum.

Duives, D. C. (2021a, April). Cie5822 lecture 6: Microscopic simulation models.
TU Delft, Faculty of Civil Engineering.

Duives, D. C. (2021b, April). Cie5822 lecture 9: Empirics of active mode travel
behaviour. TU Delft, Faculty of Civil Engineering.

ESRI. (2021). Arcgis survey123. Retrieved from
https://survey123.arcgis.com

Ewing, R., & Cervero, R. (2010). Travel and the built environment: A meta-
analysis. Journal of the American planning association, 76 (3), 265–294.

Ferrer, S., Ruiz, T., & Mars, L. (2015). A qualitative study on the role of the
built environment for short walking trips. Transportation research part F:
tra�c psychology and behaviour , 33 , 141–160.

Fietsersbond. (2016). Nederland fiets massaal in fietstelweek. Retrieved from
https://www.fietsersbond.nl/nieuws/nederland-fietst-massaal-
fietstelweek/

Goossen, C., Rip, F., Staritsky, I., & Thomas, D. (2021). Beloopbaarheid
gemeten: Pilotstudie naar de mate van beloopbaarheid van ov-knooppunten
en hun buurten in de provincie utrecht.

Guo, Z. (2009). Does the pedestrian environment a↵ect the utility of walking?
a case of path choice in downtown boston. Transportation Research Part D:
Transport and Environment , 14 (5), 343–352.

Guo, Z., & Ferreira Jr, J. (2008). Pedestrian environments, transit path choice,
and transfer penalties: understanding land-use impacts on transit travel. En-
vironment and Planning B: Planning and Design, 35 (3), 461–479.

Guo, Z., & Loo, B. P. (2013). Pedestrian environment and route choice: evidence
from new york city and hong kong. Journal of transport geography , 28 , 124–
136.

Harvard Humanitarian Initiative. (2021). Kobotoolbox. Retrieved from
https://www.kobotoolbox.org

Healthy Streets Ltd. (2021). What is healthy streets? Retrieved from
https://www.healthystreets.com/what-is-healthy-streets

Hess, D. B. (2012). Walking to the bus: perceived versus actual walking distance
to bus stops for older adults. Transportation, 39 (2), 247–266.

121



TIL5060 - J.K. Krom Pedestrian route choice and the urban environment

Hillnhütter, H. (2016). Pedestrian access to public transport (Unpublished
doctoral dissertation). University of Stavanger, Norway.

Kadaster. (2021a). Basisregistratie adressen en gebouwen: Panden. Retrieved
from https://www.geobasisregistraties.nl/basisregistraties/
adressen-en-gebouwen

Kadaster. (2021b). Basisregistratie adressen en
gebouwen: Verblijfsobjecten. Retrieved from
https://www.geobasisregistraties.nl/basisregistraties/
adressen-en-gebouwen

Kim, S., Park, S., & Jang, K. (2019). Spatially-varying e↵ects of built environ-
ment determinants on walking. Transportation research part A: policy and
practice, 123 (C), 188–199.

Knapskog, M., Hagen, O. H., Tennøy, A., & Rynning, M. K. (2019). Exploring
ways of measuring walkability. Transportation research procedia, 41 , 264–282.

Knox, P. L., Marston, S. A., & Imort, M. (2007). Human geography: Places
and regions in global context, fourth edition. Pearson New York.

Koh, P., & Wong, Y. (2013). Influence of infrastructural compatibility factors
on walking and cycling route choices. Journal of Environmental Psychology ,
36 , 202–213.

Lam, W., & Morrall, J. (1982). Bus passenger walking distances and waiting
times: a summer-winter comparison. Transportation Quarterly , 36 (HS-033
385).

Lee, C., & Moudon, A. V. (2004). Physical activity and environment research in
the health field: Implications for urban and transportation planning practice
and research. Journal of planning literature, 19 (2), 147–181.

Liu, Y., Yang, D., Timmermans, H. J., & de Vries, B. (2020). The impact of
the street-scale built environment on pedestrian metro station access/egress
route choice. Transportation research part D: transport and environment , 87 ,
102491.

Lue, G., & Miller, E. J. (2019). Estimating a toronto pedestrian route choice
model using smartphone gps data. Travel behaviour and society , 14 , 34–42.

Maptionnaire. (2021). What is maptionnaire? Retrieved from
https://maptionnaire.com

Methorst, R. (2021). Exploring the pedestrians realm; an overview of insights
needed for developing a generative system approach to walkability.

122



TIL5060 - J.K. Krom Pedestrian route choice and the urban environment

Muraleetharan, T., & Hagiwara, T. (2007). Overall level of service of ur-
ban walking environment and its influence on pedestrian route choice behav-
ior: analysis of pedestrian travel in sapporo, japan. Transportation Research
Record , 2002 (1), 7–17.

Nederlandse Spoorwegen. (2020). Ns jaarverslag - reizigersgedrag 2019. Re-
trieved from dashboards.nsjaarverslag.nl/reizigersgedrag

Nederlandse Spoorwegen. (2021). De ns api. Retrieved from
https://www.ns.nl/reisinformatie/ns-api

OpenStreetMap. (2021a). About openstreetmap. Retrieved from
https://wiki.openstreetmap.org/wiki/AboutOpenStreetMap

OpenStreetMap. (2021b). Openstreetmap. Retrieved from
https://www.openstreetmap.org/
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between segment-level built environment attributes and pedestrian activity
around bogota’s brt stations. Transportation research part D: transport and
environment , 14 (7), 470–478.
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Table A.1: Literature review of features found to significantly a↵ect walking
routes 1/2. Features listed with an asterisk have been found to be non-significant
in other studies of this list.
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+ + + + - + 6

Retail / businesses * - + + - + + 6
Attractiveness (overall) * + + 2
Architecture
Attractive buildings + + + 3
Land use mix + + 2
Open space +/- + + 3
Building lot coverage + 1
Floor area ratio - 1
Blind walls + 1
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Walking streets + 1
Other tra�c
Noise pollution + - - 3
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Road width - +/- 2
Road density + 1
High tra�c speed - 1
Oncoming cyclists - 1
Tra�c volume * - 1
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Table A.2: Literature review of features found to significantly a↵ect walking
routes 2/2. Features listed with an asterisk have been found to be non-significant
in other studies of this list.
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tra�c safety
Presence tra�c devices /
crossing aids

+ + + + - + 6

Tra�c safety,
driver behaviour

+ + + 3

Number of road crossings - - 2
Pedestrian delay - - 2
Pedestrian refuge + 1
Tra�c accident risk - 1
Unmarked crossings - 1
Other people and
environmental safety
Environmental safety + + + + 4
Other people / crowds - + - 3
Lighting + + 2
Transit stops +/- 1
Social environment + 1
Sidewalk quality
Sidewalk presence /
condition

+ + + + + + 6

Sidewalk width + + + + + + 6
Sidewalk fencing + 1
Sidewalk density + 1
Street furniture /
topography
Stairs / slope - - - - - 5
Obstructions * - - 2
Weather protection + + 2
Benches * + 1
Comfort + 1
Trash bins + 1
Litter * 1 1
Directional signs + 1
Parked cars - 1
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Table B.1:
Long list of features a↵ecting route choice, ranked to priority of inclusion (column ’R.’) based on relative im-
portance (column ’n’, number of significant studies) and technical complexity of implementation. Additional
features recommended during expert interviews are referred by by ’E.’ Features which can be studied after re-
defining these to more distinct variables are referred to by ’proxy’, with ’N.H.’ referring to null hypothesis routes,
’S.’ referring to survey-based inputs (see also: subjective variables), ’G.’ to geometry indicators and ’T.’ referring
to quantitative-technical variables which can replicate their essence. Features for which data is exceedingly hard
to obtain are marked with ’no data’. The ’transit stop’ feature is irrelevant, as all walking routes in the present
study concerns trips where train station access/egress is fully performed on foot. ’Convenience’ is discarded as
it is too vague to implement.

R. Feature n Complexity R. Feature n Complexity
1 Shortest, fastest 8 1: proxy (N.H.) 29 Network connectivity E 6

2
Sidewalk presence,
condition

6 1: proxy (S.) 30
Number of road
crossings

2 6

3 Environmental safety 4 1: proxy (S.) 31
Number of pedestrian
intersections

1 6

4 Other people, crowds 3 1: proxy (S.) 32 Walking streets 1 6

5
Tra�c safety,
driver behaviour

3 1: proxy (S.) 33 Road density 1 6

6 Customary route 2 1: proxy (S.) 34 Sidewalk width 6 7
7 Pedestrian delay 2 1: proxy (S.) 35 Open space 3 7
8 Lighting 2 1: proxy (S.) 36 Road width 2 7
9 Obstructions 2 1: proxy (S.) 37 Urban density 1 No data
10 Weather protection 2 1: proxy (S.) 38 Universal access E No data
11 number of turns 2 1: proxy (N.H.) 39 Air pollution 3 No data
12 Only available 1 1: proxy (G.) 40 Blind walls 1 No data
13 Familiarity 1 1: proxy (S.) 41 High tra�c speed 1 No data
14 Social environment 1 1: proxy (S.) 42 Oncoming cyclists 1 No data
15 Benches 1 1: proxy (S.) 43 Tra�c volume 1 No data
16 Detour 1 2: proxy (G.) 44 Pedestrian refuge 1 No data
17 Road crossing safety E 3: proxy (T.) 45 Tra�c accident risk 1 No data
18 Retai, businesses 6 3 46 Unmarked crossings 1 No data

19
Presence tra�c devices,
crossing aids

6 3 47 Sidewalk fencing 1 No data

20 Stairs, slope 5 3 48 Sidewalk density 1 No data
21 Building lot coverage 1 4 49 Comfort 1 No data
22 Floor area ratio 1 4 50 Trash bins 1 No data
23 Green areas 6 5 51 Litter 1 No data
24 Attractive buildings 3 5: proxy (T.) 52 Directional signs 1 No data
25 Noise pollution 3 5 53 Parked cars 1 No data
26 Land use mix 2 5: proxy (T.) 54 Convenience 1 Discarded
27 Attractiveness (overall) 2 5: proxy (T.) 55 Transit stops 1 Discarded
28 Dwellings (first floor) 1 5: proxy (T.)
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Table B.2:
Short list of feature categories which this study managed to implement, their manner of measurement and the
coe�cients related to these elements as reported in academic literature. ’R.’ refers to the rank index of each
element in the long list.

R.
Feature from
long list

Dominant
coe�cient

Measurement
category

Variable or
variable category

6 Customary route + Route frequency
13 Familiarity + Interaction e↵ect Familiarity with area
1 Shortest, fastest + Null hypothesis Shortest path
11 number of turns - Null hypothesis Least directional turns path
12 Only available + Variables (geometry) Overlap
16 Detour - Variables (geometry) Detour ratio
2 Sidewalk presence, condition + Variables (subjective) Well maintained
3 Environmental safety + Variables (subjective) Safe vs. social risk,

Like when dark
4 Other people, crowds - Variables (subjective) Other people
5 Tra�c safety, driver behaviour + Variables (subjective) Safe vs.tra�c
7 Pedestrian delay - Variables (subjective) Fastest
8 Lighting + Variables (subjective) Like when dark,

Well lit
9 Obstructions - Variables (subjective) No obstructions
10 Weather protection + Variables (subjective) Protected against weather
14 Social environment + Variables (subjective) Safe vs. social risk,

Other people
15 Benches + Variables (subjective) Lot of seating
20 Slopes - Variables (subjective) Steep slopes
17 Road crossing safety + Variables (urban features) Tra�c lights
18 Retail, businesses +/- Variables (urban features) Category: building function

19
Presence tra�c devices,
crossing aids

+ Variables (urban features) Tra�c lights

20 Stairs, slope - Variables (urban features) Number of staircases
21 Building lot coverage + Variables (urban features) Landmark plot size
22 Floor area ratio - Variables (urban features) Landmark floor space index
23 Green areas + Variables (urban features) Category: public green
24 Attractive buildings + Variables (urban features) Category: year of construction
25 Noise pollution - Variables (urban features) Category: noise pollution
26 Land use mix + Variables (urban features) Category: building function,
27 Attractiveness (overall) + Variables (urban features) Category: building status
28 Dwellings (first floor) - Variables (urban features) Category: building function
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Table B.3: Overview of proxies through which certain urban features are studied.

Urban feature category Proxy variables
Building year of construction Year of construction: < 1945

Year of construction: 1946-1970
Year of construction: 1971-1985
Year of construction: 1986-2000
Year of construction: 2001-2022
Year of construction: mean
Landmark count: year of construction

Building status Status: construction permit granted
Status: unrealised building
Status: construction commenced
Status: building in use (not measured)
Status: building in use
Status: demolition permit granted
Status: building demolished
Status: building not in use
Status: building under reconstruction
Status: building illegitimately realised

Building function Function: residential
Function: gathering
Function: prison
Function: health care
Function: factory
Function: o�ce
Function: guesthouse
Function: education
Function: sports
Function: shops
Function: other

Public green Green: % tree cover
Green: % bush cover
Green: % grass cover

Noise pollution Noise pollution: total
Noise pollution: roads
Noise pollution: railways
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Appendix C

Map matching algorithm

(a) Map matching step 1: Matching user-entered OD-points
(station and external location) as begining or endpoint of
the user-drawn routes. The added link is indicated by the
back dashed line. White lines represent user-entered routes.

(b) Map matching step 2: polygon masks are bu↵ered around
the routes, with relatively wide perimeters around the OD-
points in order to permit for complex networks in station
areas. The bearing line is also masked.
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(a) Map matching step 3: A bearing line mask-based Open-
StreetMaps network is downloaded.

(b) Map matching step 4: The network from step 3 is trun-
cated to route-level masks. This process is repeated for all
user-entered routes.

(a) Map matching step 4.1: Truncation may cause networks
to fracture into sub-graphs. These are connected by adding
each subgraph’s nearest nodes with a new link, here repre-
sented by the line bu↵ered in grey.

(b) Map matching step 5: A Dijkstra’s shortest path algo-
rithm is applied to determine the route. Only one route
shown for clarity
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(a) Map matching result: Map-matched versions of respon-
dent routes in white. The long-dashed line represents the
shortest path, the short-dashed line the least directional
turns path. The grey dashed line indicates the original sur-
vey input.

(b) Null hypothesis computation: The long-dashed line rep-
resents the Dijkstra’s shortest path, the short-dashed line
the least directional turns path.

Figure C.5: Matching features to a route: To identify which urban features are
present along a given route, a mask is drawn around the route-graph. Features
within the mask are subsequently matched with the nearest edge of graph and
saved in that order. The present image shows the location of tra�c signals and
crossings and a route which avoids these signals.
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Appendix D

Survey English version
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Figure D.1: Survey image 1/19 (English version).
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Figure D.2: Survey image 2/19 (English version).
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Figure D.3: Survey image 3/19 (English version).
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Figure D.4: Survey image 4/19 (English version).
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Figure D.5: Survey image 5/19 (English version).

Figure D.6: Survey image 6/19 (English version).

Figure D.7: Survey image 7/19 (English version).
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Figure D.8: Survey image 8/19 (English version).
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Figure D.9: Survey image 9/19 (English version).
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Figure D.10: Survey image 10/19 (English version).

Figure D.11: Survey image 11/19 (English version).
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Figure D.12: Survey image 12/19 (English version).
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Figure D.13: Survey image 13/19 (English version).

Figure D.14: Survey image 14/19 (English version).
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Figure D.15: Survey image 15/19 (English version).

Figure D.16: Survey image 16/19 (English version).
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Figure D.17: Survey image 17/19 (English version).

Figure D.18: Survey image 18/19 (English version).
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Figure D.19: Survey image 19/19 (English version).
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Survey Dutch version
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Figure E.1: Survey image 1/19 (Dutch version).
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Figure E.2: Survey image 2/19 (Dutch version).
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Figure E.3: Survey image 3/19 (Dutch version).
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Figure E.4: Survey image 4/19 (Dutch version).
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Figure E.5: Survey image 5/19 (Dutch version).

Figure E.6: Survey image 6/19 (Dutch version).

Figure E.7: Survey image 7/19 (Dutch version).
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Figure E.8: Survey image 8/19 (Dutch version).
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Figure E.9: Survey image 9/19 (Dutch version).
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Figure E.10: Survey image 10/19 (Dutch version).

Figure E.11: Survey image 11/19 (Dutch version).
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Figure E.12: Survey image 12/19 (Dutch version).
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Figure E.13: Survey image 13/19 (Dutch version).
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Figure E.14: Survey image 14/19 (Dutch version).

Figure E.15: Survey image 15/19 (Dutch version).
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Figure E.16: Survey image 16/19 (Dutch version).

Figure E.17: Survey image 17/19 (Dutch version).
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Figure E.18: Survey image 18/19 (Dutch version).

Figure E.19: Survey image 19/19 (Dutch version).
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Appendix F

Results

This appendix contains the results from statistical testing operations which have
been performed for this thesis. Two result chapters are presented:

1. Route aggregate analysis results: Sub-question 3

2. Route aggregate analysis results: Sub-question 4

3. Within-route distribution results: Sub-question 3

4. Within-route distribution results: Sub-question 4

Some notes on how to read the tables on the following pages:

• Column header ”P([..])”: Overall probability of a test sample deviating
significantly from a baseline sample, per variable. For route-aggregate re-
sults the brackets contain the test sample. For within-route distribution
results the brackets contain the route quadrant, counted as route propor-
tion from the train station.

• Column header ”[..] stat”: Indication of the weight by which a test sample
deviates from the baseline sample. For t-test results (see below) this rep-
resents the test statistic, for non-parametric tests it represents the prob-
ability at which the coe�cient (see below) occurs.

• Column header ”[..] coef,n”: Column containing test metadata, respec-
tively the type of test which is applied (see below), the coe�cient (see
below) and the number of valid observations upon which the test is per-
formed.

• ”(+)”: Positive coe�cient. This implies that a test sample is expected to
contain higher values than a baseline sample.

• ”(-)”: Negative coe�cient. This implies that a test sample is expected to
contain lower values than a baseline sample.
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• ”tt”: t-test. This is a one-sample t-test for standardised route aggregate
tests, and a two-sample t-test for within route distribution tests.

• ”wi”: Wilcoxon test. This is the non-parametric alternative for the one-
sample t-test. This test is applied to standardised route aggregate tests
which fails to meet normality requirements.

• ”mw”: Mann-Whitney test. This is the non-parametric test alternative
for the two-sample t-test. This test is applied for all non-standardised
tests, as well as within-route distribution tests where data fails to meet
normality requirements.
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Chapter 1

Route aggregate analysis
results: Sub-question 3

1.1 Non-standardised results, full sample

167



F
ig
u
re

1.
1:

R
aw

re
su
lt
s
fo
r
ro
u
te

ag
gr
eg
at
e
an

al
ys
is
,
sa
m
p
le
:
fu
ll
,
su
b
-q
u
es
ti
on

3,
d
at
a:

n
on

-s
ta
n
d
ar
d
is
ed
,
b
as
el
in
e:

le
as
t

d
ir
ec
ti
on

al
tu
rn
s
p
at
h
,
d
ir
ec
ti
on

:
ac
ce
ss

168



F
ig
u
re

1.
2:

R
aw

re
su
lt
s
fo
r
ro
u
te

ag
gr
eg
at
e
an

al
ys
is
,
sa
m
p
le
:
fu
ll
,
su
b
-q
u
es
ti
on

3,
d
at
a:

n
on

-s
ta
n
d
ar
d
is
ed
,
b
as
el
in
e:

le
as
t

d
ir
ec
ti
on

al
tu
rn
s
p
at
h
,
d
ir
ec
ti
on

:
eg
re
ss

169



F
ig
u
re

1.
3:

R
aw

re
su
lt
s
fo
r
ro
u
te

ag
gr
eg
at
e
an

al
ys
is
,
sa
m
p
le
:
fu
ll
,
su
b
-q
u
es
ti
on

3,
d
at
a:

n
on

-s
ta
n
d
ar
d
is
ed
,
b
as
el
in
e:

sh
or
te
st

p
at
h
,
d
ir
ec
ti
on

:
ac
ce
ss

170



F
ig
u
re

1.
4:

R
aw

re
su
lt
s
fo
r
ro
u
te

ag
gr
eg
at
e
an

al
ys
is
,
sa
m
p
le
:
fu
ll
,
su
b
-q
u
es
ti
on

3,
d
at
a:

n
on

-s
ta
n
d
ar
d
is
ed
,
b
as
el
in
e:

sh
or
te
st

p
at
h
,
d
ir
ec
ti
on

:
eg
re
ss

171



1.2 Standardised results, full sample
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1.3 Interaction e↵ect results
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Chapter 2

Route aggregate analysis
results: Sub-question 4

2.1 Full sample results

2.2 Interaction e↵ect results
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Figure 2.1: Raw results for route aggregate analysis, sample: full, sub-question
4, data: non-standardised
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Figure 2.2: Raw results for route aggregate analysis, sample: full, sub-question
4, data: standardised
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Figure 2.3: Raw results for route aggregate analysis, sample: interaction - age
(19-30), sub-question 4, data: non-standardised
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Figure 2.4: Raw results for route aggregate analysis, sample: interaction - age
(19-30), sub-question 4, data: standardised

286



Figure 2.5: Raw results for route aggregate analysis, sample: interaction - age
(31-40), sub-question 4, data: non-standardised
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Figure 2.6: Raw results for route aggregate analysis, sample: interaction - age
(31-40), sub-question 4, data: standardised
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Figure 2.7: Raw results for route aggregate analysis, sample: interaction - age
(41+), sub-question 4, data: non-standardised
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Figure 2.8: Raw results for route aggregate analysis, sample: interaction - age
(41+), sub-question 4, data: standardised
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Figure 2.9: Raw results for route aggregate analysis, sample: interaction - bike
(have access), sub-question 4, data: non-standardised
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Figure 2.10: Raw results for route aggregate analysis, sample: interaction - bike
(have access), sub-question 4, data: standardised
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Figure 2.11: Raw results for route aggregate analysis, sample: interaction - bike
(no access), sub-question 4, data: non-standardised
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Figure 2.12: Raw results for route aggregate analysis, sample: interaction - bike
(no access), sub-question 4, data: standardised
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Figure 2.13: Raw results for route aggregate analysis, sample: interaction
- frequency of train travel ( 8 days / month), sub-question 4, data: non-
standardised 295



Figure 2.14: Raw results for route aggregate analysis, sample: interaction -
frequency of train travel ( 8 days / month), sub-question 4, data: standardised
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Figure 2.15: Raw results for route aggregate analysis, sample: interaction
- frequency of train travel (� 8 days / month), sub-question 4, data: non-
standardised 297



Figure 2.16: Raw results for route aggregate analysis, sample: interaction -
frequency of train travel (� 8 days / month), sub-question 4, data: standardised
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Figure 2.17: Raw results for route aggregate analysis, sample: interaction -
frequency of walking ( 6 x / week), sub-question 4, data: non-standardised
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Figure 2.18: Raw results for route aggregate analysis, sample: interaction -
frequency of walking ( 6 x / week), sub-question 4, data: standardised
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Figure 2.19: Raw results for route aggregate analysis, sample: interaction -
frequency of walking (� 6 x / week), sub-question 4, data: non-standardised
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Figure 2.20: Raw results for route aggregate analysis, sample: interaction -
frequency of walking (� 6 x / week), sub-question 4, data: standardised
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Figure 2.21: Raw results for route aggregate analysis, sample: interaction -
gender (female), sub-question 4, data: non-standardised
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Figure 2.22: Raw results for route aggregate analysis, sample: interaction -
gender (female), sub-question 4, data: standardised
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Figure 2.23: Raw results for route aggregate analysis, sample: interaction -
gender (male), sub-question 4, data: non-standardised
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Figure 2.24: Raw results for route aggregate analysis, sample: interaction -
gender (male), sub-question 4, data: standardised
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Figure 2.25: Raw results for route aggregate analysis, sample: interaction - local
resident (yes), sub-question 4, data: non-standardised
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Figure 2.26: Raw results for route aggregate analysis, sample: interaction - local
resident (yes), sub-question 4, data: standardised
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Figure 2.27: Raw results for route aggregate analysis, sample: interaction - local
resident (no), sub-question 4, data: non-standardised
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Figure 2.28: Raw results for route aggregate analysis, sample: interaction - local
resident (no), sub-question 4, data: standardised
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Chapter 3

Within-route distribution
results: Sub-question 3

3.1 Results for tests against least turns paths
sample
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3.2 Results for tests against shortest paths sam-
ple
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Chapter 4

Within-route distribution
results: Sub-question 4
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Appendix G

Python scripts

This thesis has performed its analysis using a series of 14 Python scripts. A copy
of these scripts is included as a series of separate documents in this appendix.
The following scripts are included:

• Script 1.1: Error filter, preparation:

This script is used to clean the raw data obtained from the survey. It
applies all link, route etc. length criteria and removes respondents which
exceed the specified thresholds from the database. The script concludes
with the manual deletion of a set of respondents which contained irre-
pairable, faulty responses which were discovered after running the cleaned
set in Script (1.2). After these additional errors were deleted, script (1.2)
was rerun.

• Script 1.2: Extend lines to OD points:

This script extends the user-entered routes from the survey to the final
OD-points which were entered by respondents in the survey.

• Script 2: Map matching algorithm:

The purpose of this script is to map-match the filtered and cleaned set of
respondent routes so that it corresponds to the underlying infrastructural
network. Note: script (3) is originally written as part of the same script
and is as such functionally dependent on computations in (2).

• Script 4: Analysis 1:

This script computes a set of route key indicators, based on line distances:
(1) Detour ratio vs. bearing line, (2) Detour ratio vs. shortest path, (3)
Detour ratio vs. least directional turns path, (4) Maximum deviation vs.
bearing line, (5) Eccentricty vs. bearing line, (6) Curvature vs. bearing
line, (7) Overlap (distance) of user-routes with shortest path,

• Script 5: Create featurelist
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This script generates an empty ’featurelist’ dataframe for each route of
each respondent, whereby that route is broken down into links. These
dataframe are subsequently ’loaded’ with urban features by applying scripts
(7), (8), (9) and (10).

• Script 6.1: OSM features loader:

This script serves as ’function’-script which is triggered by Script (7). The
purpose of this script is to assign features which were downloaded in Script
(7) to their correct place in the featurelist. The script returns an updated
featurelist which is saved to file in the original downloader script.

• Script 6.2: BAG features loader:

This script serves as ’function’-script which is triggered by Script (8). The
purpose of this script is to assign features which were downloaded in Script
(8) to their correct place in the featurelist. The script returns an updated
featurelist which is saved to file in the original downloader script.

• Script 6.3: GEOTIFF features loader

This script serves as ’function’-script which is triggered by Script (8).
The purpose of this script is to assign features which were downloaded in
Script (8.1) and subscript (8.2) to their correct place in the featurelist.
The script returns an updated featurelist which is saved to file in the
original downloader script.

• Script 7: Download OSM feature data:

This script downloads selected OSM feature data (tra�c light and stairs)
for the routes under considerations. Once downloaded, this script calls
script (6.1) to load the features to the featurelist.

• Script 8.1: BAG download main script:

This script prepares data and actives script (8.2) and (6.3) for downloading
and feature loading functions, respectively. Multiple steps are performed:
(1) Data is downloaded from ’nationaal georegister’ for BAG: Pand and
BAG: verblijfsobject. The latter download categor is needed for the next
point. (2) Floor space index is computed, which is needed for the corre-
spondng landmark definition. (3) Data is matched to the featurelists.

• Script 8.2: BAG WFS downloader tool:

This script is called by script (8.2) in order to download BAG feature
data. Essentually, this script is only a Web Feature Service (WFS) down-
loading tool that can be used for any WFS download assignment. The
WFS system permits no downloads of more than 1000 features in one
go. The script downlods feature data per rectangular bounding box. If
no more ethan 1000 features are contained in the bounding box, these
are downloaded. If more than 1000 features are contained, the bounding
box is divided into 4 smaller boxes, which are all downloaded seperately.
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If any of these boxed still contains more than 1000 features, the process
is repeated until al features are downlaoded and merged into a new file.
Credits: this script is a reworked version of a WFS downloader built by
Sai Kiran et al. for Witteveen+Bos (2021).

• Script 9: GEOTIFF download main script:

This script downloads and prepares GEOTIFF format data. That is the
data format in which raw data for ’trees’, ’bushes’, ’grass’, ’noise: total’,
’noise: road’, and ’noise: railway’ variables is obtained. Upon download
(as a raster-picture) and before matching this data is first aggregated to
25 m raster blocks so as to avoid (even) long(er) computation times on
the matching process. For featurelist matching, this script calls on script
(6.3)

• Script 10: Landmark computation:

This script performs all computations to distinguish landmark-type build-
ings. This definition is based on year of construction, floor space index
(FSI) and plot area.

• Script 11: statistics for sub-question 3:

This script performs statistical tests required for sub-qestion 3. As such,
these tests compare between respondent routes and the null hypothesis
routes on a per-variable basis.

• Script 12: result printing for sub-question 3:

This script (which is optionally activated in script (11)), prints the results
of the statistical tests performed in script (11) to the final data format.

• Script 13: Analysis for Sub-question 4:

This script performs statistical tests and prints results to the final output
files. As this is for sub-question 4, all tests are on between-respondent
route sample pairs.

• Script 14: Within-route distribution analysis testing

This script performs all data preparation, statistical tests and result print-
ing for the within-route distribution tests.
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