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Summary

The demand for pedestrians and bicycle facilities is surging in our cities, for these modes
offer an efficient, practical, human-paced, social, healthy, enjoyable experience of trans-
portation and city life. Moreover, facilitating those modes can generate benefits for both
the community — healthier people, safer streets (i.e. lower crash severity), increased prop-
erty value, prosperous local economy — and the authorities — lower infrastructure construc-
tion and maintenance costs, cleaner air, lower noise levels, city attractiveness.

Besides providing more quality sidewalks and cycle paths to encourage active trans-
portation, more radical approaches such as woonerven and shared spaces have been de-
veloped, originally from the Netherlands, in an attempt to maximise well-being and traffic
safety. The latter one, shared space, is controversial for mixing modes is considered ineffi-
cient and unsafe. More specifically, little is known on how pedestrians and cyclists avoid
each other when in conflicting situations.

The objective of this thesis was therefore to investigate the dynamics of pedestrians and
bicyclists when faced with a conflict in a shared space, in order to contribute to the design
and modelling of safer shared spaces, and in an attempt to answer the research question:
What drives the collision avoidance behaviour of pedestrians and bicyclists in shared spaces?

The literature review was conducted to provide the reader with key information to un-
derstand what shared space is and means. After noticing how current behavioural dynam-
ics models fail to describe shared space behaviour — which is based on intelligent processes
rather than automatic behaviour —, a theoretical review of task performance models and
sociological research in collision avoidance behaviour was proposed.

The remainder of the project was based on the results of an online stated-preference
survey aimed at unravelling the situational and personal attributes that influence pedes-
trians and cyclists’ collision avoidance behaviour. To develop the survey, on-site observa-
tions of a pedestrian and bicycle shared space, as well as informal interviews with passersby
were first conducted in Amsterdam. This exercise allowed formulating a few behavioural
hypotheses that fed the design of a pilot survey. Those hypotheses allowed to narrow down
a few attributes to be tested against pedestrian and cyclists’ trajectory changes (speed and
position). The pilot survey was distributed to 10 people, from whom 9 answered and pro-
vided feedback on the survey understandability.

The final survey consisted in 40 questions depicting conflict situations by means of im-
ages, and for which the survey respondents had to choose their preferred collision avoid-
ance manoeuvre (3 speed choices and 3 position choices). Half of the questions depicted
situations with conflicting cyclists, the other half depicting situations with conflicting pedes-
trians. The questions allowed to test 5 situational attributes (namely conflict point distance,



conflict trajectory direction, eye contact with conflicting user, group size of the conflicting
users, and context of the conflict situation). The survey design was orthogonal and bal-
anced, so that all results from further statistical analysis could be treated equally. The re-
spondents were also required to provide personal background and transportation experi-
ence information, such as age, gender, driving licence ownership and cycling frequency, to
name a few. These personal attributes were also tested for significance against collision
avoidance behavioural choices.

In total, 389 respondents completed the survey. The results were first analysed to deter-
mine which of the tested situational and personal attributes were associated to the collision
avoidance manoeuvring choices of the respondents. This was performed using Cramer’s V
measures of association, a statistical tool relevant to categorical variables with more than
two levels. Simultaneously, the choices made by the respondents were tested for panel
effect, or within-subject effects, by sampling answers without replacements of respon-
dents, and performing t-tests to compare the samples to the population of respondents.
Finally, those attributes that were associated with choices were analysed more in depth to
derive behavioural hypotheses and gain insights on the validity of using an online stated-
preference survey to research such behaviour.

The findings of the study are numerous but not conclusive to ascertain a theory or de-
velop a behavioural model. For instance, it was found that distance, direction, context, age,
cycling frequency, and mode choice for common everyday trips were the attributes most
associated with the respondents choices. However, panel effects were found significant,
which prevented carrying out further statistical analysis such as the estimation of the pa-
rameters of a pedestrians and cyclist collision avoidance behavioural model for shared
spaces (by means of log-linear analysis). Nonetheless, several behavioural hypotheses were
formulated and would be interesting to research and validate in the future, namely:

Cyclists anticipate conflicts to keep their momentum
Subjecting cyclists to motorised traffic rules impacts their behaviour in shared spaces
Cyclists are expected to make the most effort to avoid a collision

Cycling frequency amongst pedestrians impacts their collision avoidance behaviour

o Rk L b=

Exposure to traffic impacts pedestrian collision avoidance behaviour

Finally, recommendations for future research, modellers, and practitioners were drawn
from this exercise. A survey can indeed be an appropriate technique to acquire a strong
knowledge of the impact of personal attributes on choice, although care must be taken in
identifying those attributes and model them so as to be able to use a wider range of statis-
tical techniques. From a modelling perspective, it would be ideal to make the situational
attribute levels more extreme so as to generate greater variance in the results and be able
to estimate parameters with more confidence. However, the situations presented to the
respondents should remain as realistic as possible. Other methods, such as a live con-
trolled experimental setup, or virtual reality, could also be interesting to pursue to be able



vii

to quantify the trajectory changes, rather than categorise them. For practitioners (design-
ers and authorities), what this thesis has shown is that the design and implementation of
shared spaces is embedded in both situational and personal experience, meaning that the
relevance of shared space is not based on whether shared space is safe as a concept, but
rather if the location and the design encourage safe behaviour. In view of the findings of
this thesis, it was proposed that safe shared spaces are a function of the users’ ability to
see and therefore anticipate movements from others, and the users’ walking and cycling
experience (and therefore exposure to conflicts) in their daily lives.
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Introduction

By 2050, 66% of the world’s population will be living in urban areas [United Nations, 2014].
City planners and engineers, as well as local, regional, and national authorities are antici-
pating this phenomenon to propose and create liveable places and spaces for everyone. It
is an on-going challenge to find smart ways to accommodate the new urban citizens and
their need for housing, work, leisure, and pleasure. For almost a century, and even more
so since the end of World War II, their solution has often been to redesign cities to accom-
modate fast automobile traffic by means of mode segregation and capacity increase. This
strategy uses a set of design items such as traffic lanes, signs, lights, bollards, kerbs, grade
separations and so on to increase car traffic speed and flow. Although mode segregation
can ensure efficiency and safety on inter-urban roads, its implementation in urban en-
vironments has encouraged car use and has lead to issues such as air pollution, accidents,
and obesity, to name a few. More recently, approaches based on containing sprawl, encour-
aging mixed-use development, favouring public and active transportation, and improving
multi-modal connections have lead to a slower growth in the number of car trips while
maintaining mobility opportunities and safety. This is because distances between trip ori-
gin and destination have reduced significantly while accessibility to places via a variety of
modes has improved.

In this new paradigm, the demand for pedestrians and bicycle facilities is surging, for
these modes offer an efficient, practical, human-paced, social, healthy, enjoyable experi-
ence of transportation and city life. Moreover, facilitating those modes can generate ben-
efits for both the community — healthier people, safer streets (i.e. lower crash severity),
increased property value, prosperous local economy — and the authorities — lower infras-
tructure construction and maintenance costs, cleaner air, lower noise levels, city attrac-
tiveness.

Itis only in recent years that some cities have been making efforts to reallocate right-of-
way to best match street functionality. Pedestrianisation of commercial streets and 30 km/h
residential or commercial zones are some of the most widespread examples of such efforts.
In that respect, the inhabitants of the Westerkwartier neighbourhood of Delft — a 19 cen-



tury working class neighbourhood — were pioneers when they reclaimed their streets from
car traffic in 1968, ahead of other cities by decades. By placing obstacles, benches, and
plants in the streets, the formerly straight roadways were turned into serpentine paths to
slow the cars down and allow social life to predominate. The streets became safer, and
families were able to interact with each other in their newly-gained "garden." This neigh-
bourhood was the first woonerf; and its principles of traffic calming, where the car drivers’
line of sight is constantly changing so as to scan the whole street’s width, have been applied
in numerous cities in the Netherlands and beyond.

Another example of reinstating social cooperation in traffic to make it safer is that of
Hans Monderman, a Dutch traffic engineer who in the 1980s formulated the design ap-
proach of Shared Space. His goal was to improve traffic safety of intersections and town
centre thoroughfares, and he had observed, as in the Delft woonerf, that people’s behaviour
in traffic is influenced by the built environment rather than traffic rules. His approach to
street design was therefore to remove traditional roadway design elements such as kerbs,
traffic signs, traffic lights, and traffic rules. The lack of points of reference thus increased
the attention level of the shared space users and forced them to acknowledge and interact
with each other to resolve conflict. Although the incentives for and realms of application
of woonerf and shared space designs may be different, both approaches rely on human
intelligence and perception, rather than rules, to frame traffic behaviour.

1.1. Problem statement

These design alternatives — that is, woonerf and shared spaces — are often applied by plan-
ners and engineers in the Netherlands, although it seems that the idea of mixing modes is
suffering from a lack of understanding from both the community and authorities. Most of
the time, mixing modes is considered inefficient and unsafe and, in the absence of evidence
to suggest the contrary, segregation remains. At a time when many cities are trying to revive
their centres, alleviate traffic congestion, reduce noise levels and improve air quality, it is
important to show and prove the efficiency and safety of mixed-use, calmed-traffic areas as
seen through the woonerf and shared space examples.

Planning our cities’ transportation systems suggests simultaneously thinking about the
street as a space where all traffic passes by as well as a place where people interact with each
other. However, the main barrier to mode mixing seems to be the lack of knowledge on the
manner in which different transport modes do mix and behave with respect to one another.
Implementation of shared space retrofits, such as Exhibition Road in London, Fountain
Place in Poynton, as well as the Dutch towns of Drachten and Emmen, are remarkable but
may be too few to convince other cities to follow their steps. Often, the fear of mixing
modes prevails, and segregation remains. It is also the case that access to pedestrian malls
is (almost) fully forbidden to bicyclists, e.g. Stephen Avenue in Calgary [Markusoff, 2015],
Rue Prince Arthur in Montreal [Laberge, 2013], 16th Street in Denver [Murray, 2015]. The
reasons adduced are often about the potential safety risk due to speed differentials, and the
impact on traffic efficiency in general. More specifically, little is known on how pedestrians



and cyclists avoid each other when in conflicting situations. In the Netherlands however,
cyclists are more often allowed to cycle through pedestrian areas, and these areas showcase
the ability of pedestrians and bicyclists to commingle.

It is therefore urgent to ask ourselves how pedestrians and bicyclists do mix in real-
ity. Since safety and flow of people are at stake when taking the political decision to allow
mixing of modes in a shared space, it is logical to research, analyse and to a greater extent
model what seems to be the root of the debate: how do pedestrians and cyclists interact?
To that extent, an interaction can be described here as a collision avoidance manoeuvre
that allows both parties to continue their journey towards their destination. This present
thesis is therefore dedicated to further the understanding of collision avoidance behaviour
of pedestrians and cyclists in shared spaces.

1.2. Knowledge gap

Traffic models are used by planners and engineers around the globe to analyse traffic pat-
terns, predict traffic states, or assess the viability of a new transportation scheme, design,
or rule. Most traffic models and simulation packages (if not all) focus on segregated sys-
tems (Aimsun, OmniTRANS, Paramics, PTV VISSIM). This is because most cities showcase
mode segregation, and it is easier to observe and model such systems, where users are cat-
egorised, space is split amongst those categories, and traffic rules, right of ways regulate
the movements of those categories. Car-following behaviour, pedestrian self-organisation,
lane formation models are all examples of segregated systems models.

Building a model — and a subsequent simulation package — of an integrated system such
as shared spaces is an intricate task that requires a deep understanding of people’s relation
to spatial design and other people in general. This relation is indeed different than in segre-
gated streets; legally-binding elements such as crossing, lights, and signs convey traffic and
right-of-way rules. However, in shared spaces, awareness of the other and of the surround-
ing environment is enhanced and social norms rather than legal rules apply, and traffic
models must be adapted to reflect those phenomena.

1.3. Objectives

The premise of this thesis is twofold: (1) the safety of shared spaces is debated, which
means such type of infrastructure is seldom implemented, and (2) current active trans-
portation dynamics models lack representativity of the human abilities, skills, and intelli-
gent processes used to resolve conflicting trajectories problems.

The goal of this thesis is therefore to investigate the dynamics of pedestrians and bi-
cyclists when faced with a conflict — defined as an intersection of intended trajectories in
time and space which would result, if both parties maintain those intended trajectories and
fail to find a spatio-temporal solution, in a collision - in a shared space, in order to advance
our understanding of such dynamics and to contribute to the design and modelling of safer



shared spaces. This involves investigating the collision avoidance manoeuvres employed
by pedestrians and bicyclists given a certain conflict scenario.

There are therefore three objectives to this thesis:

1. To unravel the manoeuvres (trajectory changes) that pedestrians and bicyclists use
when their intended trajectories are in conflict.

2. To reveal the triggers behind the selection of these manoeuvres, if applicable.

3. To provide practitioners and researchers’ with recommendations on how to better fit
the design and the modelling approach to the shared space reality.

1.4. Research question
The thesis work is conducted to answer the following research question:

What drives the collision avoidance behaviour of pedestrians and bicyclists in shared
spaces?

In order to answer this question, it is necessary to research the following sub-questions:

1. What manoeuvres do pedestrians and bicyclists employ to avoid collision?

2. To what extent do the conflict situation and personal background attributes play a
role in collision avoidance behaviour?

3. To what extent can the collision avoidance behaviour of individuals be generalised to
a population?

1.5. Scope

The scope of this thesis is limited to the exploration of factors influencing collision avoid-
ance behaviour of pedestrians and bicyclists when mixing in a shared space. It is not the
intention of the author to propose a finite mathematical model of such behaviour by the
end of the project. Rather, the work suggests a theoretical description of the behaviour and
draw recommendations to better study, research, and design shared spaces for those users.

1.6. Report outline

This document is outlined as follows: chapter 2 presents the methodology that is adopted
to answer the research question, chapter 3 outlines the literature study, chapter 4 describes
the experimental setup, chapter 5 presents the analysis of the results of the experiment,
chapter 6 discusses the findings, and chapter 7 summarises the work and draws recom-
mendations for researchers, modellers, and practitioners on the topic.



Methodology

This chapter presents the methodology and project phases that were followed in order to
answer the research question introduced in chapter 1.

2.1. Method

The goal of this project is to reveal attributes (be they situational, cultural, educational
and personal) and the extent to which they influence pedestrians and bicyclists’ collision
avoidance behaviour. To achieve this goal, the first step is to establish a pool of potential
attributes that may influence collision avoidance behaviour. The significance of these at-
tributes must then be assessed. This can be done following two different yet complemen-
tary approaches that both have their inconveniences and advantages: stated-preference
(SP), and revealed-preference (RP). With the SP approach, the researcher has more control
over the experiment, and can therefore accurately represent and test a variety of attributes.
Personal characteristics, such as age, sex, nationality, can also be obtained and analysed
further to assess their influence on the attribute significance. However, a bias may be in-
troduced in at least two ways: (1) the answers of SP survey respondents towards a fictitious
situation may differ from what their actions would be in a real situation; and (2) the choice
set offered to the respondents may not include their intended answer. Using an RP ap-
proach, the behaviour of pedestrians and bicyclists is directly observed, hence superseding
the limitations of an SP approach. However, in RP experiments, the difficulty lies in assess-
ing the presence or value of certain attributes, such as personal characteristics, stress, trip
purpose, amongst other examples. Furthermore, there is a chance that the behaviour be-
ing researched does not occur, or that the variety in situations is not sufficient to generate
enough variance in behaviour to draw statistically significant conclusions. By jointly using
the SP and RP approaches, the significance of the attributes on the one hand, and the va-
lidity of the approaches (and therefore of the findings) on the other hand can be assessed.
However, due to the difficulty of the task (classifying RP conflicts and manoeuvres, stop-
ping cyclists to fill out a survey, etc.), coupled with time and resources constraints, only an



SP experiment is envisioned in this research.

2.2, Project phases

The method presented in the previous section is here translated into the project phases

(Figure 2.1).

tated-preference
phase literature review = B SERE
survey

2 : : a conclusions and
analysis discussion of findings .
recommendations

recap shared space
theory

identify the level of
complexity of walking
and cycling behaviour
objectives
identify potential
challenges of the
research

generate a pool of
attributes to be tested

generate a set of
potential responses

assess the
understandability of the

test the significance of
attributes

test panel effects

unravel manoeuvre
choices

discuss the impact of the
tested attributes on
behaviour

discuss the source of
panel effects, if any

derive behavioural
hypotheses

determine the validity of
the method

summarise the findings

draw recommendations
for practice and research

questions

generate a pool of data to
analyse

Figure 2.1: Project phases and objectives

2.2.1. Literature review

The literature study serves several purposes, including broadening one’s knowledge about
a certain topic or theory, building a theoretical framework, and deriving useful methods
for the remainder of the work to be achieved. For this project, the purpose of the literature
review is fourfold:

* To inscribe the thesis within the context of shared space.

* To review psychological and transportation theoretical models that explain human
behaviour pertaining to movement in space and interaction between and among
people and their surroundings.

 To unravel the different approaches used to study collision avoidance behaviour and
their findings.

2.2.2, SP experiment (pilot and final)

The SP experiment consists in an online survey whose results are then used to assess the
significance and role of attributes in the selection of a collision avoidance manoeuvre. The
SP survey is designed following these steps:



Interviews and observations

On-site interviews and observations are conducted in an informal way to get a first insight
on manoeuvres used by pedestrians and bicyclists, but also on their ability to recall those
manoeuvres. This helps developing the survey’s scenarios while ensuring that the respon-
dents are able to replicate their typical behaviour.

Survey design and distribution

A pilot survey is first built in order to assess the clarity of the survey questions, and to iden-
tify elements of the survey composition that require improvements (tested attributes, num-
ber of questions, pool of possible answers to choose from, etc.).

The final survey is distributed online, via social media, to friends, family, and profes-
sional relatives of the author. The survey is setup so that anyone with the link can answer
and in turn share the survey with their acquaintances. This may induce a bias in the results,
since respondents may be of similar age groups and educational background. The bias of
the sample population is explored before analysing the results.

2.2.3. Analysis

The respondents’ answers to the survey help understanding what collision avoidance ma-
noeuvres are chosen and why by means of statistical analysis. There, each attribute is tested
for significance and degree of association with respect to collision avoidance manoeuvres
choices of the respondents.

The objectives of the analysis are as follows:

* Reveal situational and personal attributes that play a role in selecting a collision avoid
ance manoeuvre.

* Assess the significance of those attributes on the selection of a collision avoidance
manoeuvre.

* Assess the validity of using an online SP survey to research collision avoidance be-
haviour in shared space.

2.2.4. Discussion of the findings

The goal of the discussion is to give depth to the survey results analysis and establish an
understanding on the project findings regarding:

¢ The influence of the tested attributes on collision avoidance behaviour
* The validity of the survey method

* The formulation of behavioural hypotheses



2.2.5. Conclusions

Finally, the conclusion chapter summarises the behavioural findings, draws the lessons
learnt from the project to provide recommendations for the research, modelling, and de-
sign and implementation of shared spaces.



Literature review

Rather than focusing on the knowledge gap, this literature review is aimed at familiarising
the reader with shared space theory (section 3.1) and providing an insight on how current
behavioural dynamics models fail to mirror that theory (section 3.2). Next, task perfor-
mance models (sections 3.3 through 3.4) and sociological research pertaining to collision
avoidance behaviour (section 3.5) are summarised and form the starting point of the ap-
proach taken to research the topic of collision avoidance behaviour in shared spaces.

3.1. Shared Space 101

Shared space in itselfis not an innovation; for thousands of years, streets and public squares
have accommodated a variety of transport modes. However, with the introduction of the
automobile in the early 20™ century, segregation of the street into sidewalks and carriage-
way quickly became a widespread design to facilitate the flow of motorised vehicles at high
speeds. However, the growing number of accidents involving vulnerable road users, com-
bined with a series of oil crises, lead to a fundamental questioning about the status of mo-
torised vehicles in the urban lifestyle and streetscape. In 1968, for example, inhabitants
of the Westerkwartier, an early 20th century neighbourhood in Delft, The Netherlands, re-
claimed their streets by placing obstacles (e.g. plants, benches) rather than posting signs —
which would not effectively alter motorists’ behaviour - to slow motorised traffic down and
enhance the social fabric of the community.

Hans Monderman, a traffic engineer in the province of Fryslan, The Netherlands, later
used resembling techniques to increase traffic safety. According to him, "traffic lights are no
solution, they cause people to speed like hell and brake like idiots" [Clarke, 2006, p.292]. By
removing conventional traffic control devices, such as traffic lights and signage, the users
of a shared space observe each other and seek eye contact in order to negotiate their tra-
jectories. By doing so, everyone voluntarily becomes equally socially responsible for one
another. As Hamilton-Baillie [2008, p.171] puts it, shared space relies on "the ability of peo-
ple [...] to resolve potential conflicts through informal protocols and human interactions
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prompted by clues from the built environment." Anticipation, civility, courtesy, communi-
cation, patience, and other forms of intelligent, human processes and behaviour are thus
utilised, rather than imposed, legal, automatic sets of rules. In fact, shared space user be-
haviour is essentially the product of a risk compensation effect, where the lack of conven-
tional, habitual points of reference induce a decrease in perceived safety, which is com-
pensated for by slowing down and negotiating to render the conflict avoidance task more
controllable.

The lack of a conventional regulatory framework also encourages the development of
streetscape designs of greater quality, where space better connects to places, where shape
no longer serves traffic, but rather people. Methorst et al. [2007, p.3] even states that al-
though shared space is presented as a solution for traffic safety, it is rather a "reaction to
the ugliness generated by an exaggerated problem solving oriented approach of traffic and
transport engineering."

3.2. Limitations of current behavioural dynamics models

In the field of active transportation engineering, research has essentially focused on mod-
elling pedestrian and bicycle dynamics distinctively. Approaches such as disutility min-
imisation, game theory, or collision avoidance have been used to model the behaviour of
pedestrian — and at times other modes — dynamics. However, the methods employed tend
to treat the resolution of conflicting trajectories as a rather rough, automatic behaviour
(Helbing and Molnar [1995], Fiorini and Shiller [1998], Blue and Adler [1998]) with little
consideration for the appreciation of the human mind. Case in point: the social force
model which, as the name suggests, alters pedestrian trajectory based on individual prox-
imity tolerance (the attraction or repulsion "force") to another person, although one could
argue that people in reality are seldom attracted to or repulsed by every individual they
run into on the street, and that many other factors may come at play to explain trajectory
changes. Little has been done regarding the modelling of the resolution of those conflicts
as an intelligent process, where human abilities and skills are at play.

3.3. Task perception and response

When summarising the way shared space functions, Methorst et al. [2007, p.12] assumes
the following:

1. "All road users are able to detect and recognise danger and risks."

2. "The endangered ones (can) produce the correct safe response behaviour: they know
what to do, are able to perform and do not make mistakes."

3. "The strongest party sets the stage."

However, this vision of human behaviour and traffic tasks performance is a rather sim-
plistic one, and does not include differences in competences, perception, and capabilities
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of individuals. It also assumes that the endangering users never produce any form of safe
response behaviour.

The task-capability interface model [Fuller, 2000] [Fuller, 2005] offers a more holistic
view on how drivers — and, by extension, road users — control their behaviour - or that of
their vehicle — when in a conflict situation (Figure 3.1). Rather than assuming that users
aim to maintain a certain level of risk (as seen in the risk compensation models), Fuller
asserts that users aim to maintain a certain level of task difficulty in order to stay alert yet
in control. In his model, the capability of a road user to detect a conflict and stay in control
is dependant on the user’s competence, altered by his or her state in the situation requiring
control. Depending on the complexity of the conflict — the task demand -, the road user
stays in or loses control. Fuller is not interested in the means through which control is
achieved, but rather in the determinants of the control sequence response.
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Figure 3.1: Fuller’s task-capability interface model [Fuller, 2005]

It is indeed important to understand that different people have different levels of com-
petence to start with, but also that their individual perception of task demands may vary
depending on the situation they are in. Shared Space theory is in that sense an extreme ap-
plication of the Sustainable Safety theory [Wegman and Aarts, 2005], which advocates for
an adaption of the users’ environment (the vehicles and the infrastructure) coupled with
the implementation of education and training programmes — which, in the case of shared
spaces, could be expressed as traffic experience —, rather than the enforcement of a con-
straining, punitive set of traffic rules.
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Finally, there remains fundamental disparities in perception that no education of train-
ing programme may be able to eliminate. Moody and Melia [2014] has indeed found that
demographics such as gender, age, but also personal experience and habits, play a major
role in spatial perception and adaption. In their study about a square newly retrofitted into
a shared space in the United Kingdom, 58% of the men surveyed reported anxiety about
the new design, as opposed to a striking 91% of the women surveyed. Moreover, pedes-
trians under 30 years of age were more likely to adapt to the new design and view it as an
interaction space in which they have equal or more priority over motorists than any other
age category. Finally, people using the square daily — and therefore accustomed to delays
and detours — were more accepting the layout changes (83%) than those using it less than
once a week (56%). Although this study is focused on a single square, and its results can-
not be generalised, it brings interesting insights on perception and reaction demographical
determinants.

3.4. Task control and performance

Once a conflict is detected and the tasks to be handled are comprehended, individuals
make use of their competences to control for the situation and avoid, say, a collision. Their
resulting behaviour is therefore the product of their acquired knowledge (through experi-
ence and training), their skills (mental and physical, be they innate or acquired), and ca-
pability (stress, fatigue, alcohol, etc.). Rasmussen [1983] thus formulates three basic levels
of performance explaining the constrained behaviour of individuals when controlling for a
task (Figure 3.2).

GOALS

KNOWLEDGE - BASED
BEHAVIOUR
SYMBOLS | IDENTI- DECISION
—»{ OF = PLANNING |—
FICATION TASK
RULE-BASED
BEHAVIOUR
sons | mecos ASSOCIA- STORED
= | TiON RULES
NITION STATE / FOR
TASK TASKS
SKILL - BASED I
BEHAVIOUR
- FEATURE SICH 23&33&' EN?OIOFI
FORM .
ORMATION PATTERNS
SENSORY INPUT SIGNALS ACTIONS

Figure 3.2: The three levels of human performance [Rasmussen, 1983]

Skill-based behaviour takes place with little or no conscious reasoning, and therefore
results in what is called a sensory-motor performance: "In general, the skill-based perfor-
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mance rolls along without the person’s conscious attention, and he will be unable to de-
scribe how he controls and on what information he bases the performance" [Rasmussen,
1983, p.259]. In this state, individuals physically respond to a direct, sensory observation
(e.g. the difference between the actual and intended or expected states of a system), us-
ing highly-integrated skills and subroutines. During such performances, individuals do
not reason and display automatic behaviour. Tasks such as walking or cycling movements
pertain to skill-based behaviour. There, the pedestrian or the cyclist sub-consciously com-
pares his or her trajectory to the intended path, and manoeuvres accordingly (feedback
control). He or she is said to rely on signals in this case, i.e. temporal-spatial continuous
changes (e.g. speed, position).

Performance in familiar situations requiring cognitive efforts is called rule-based be-
haviour. Such performance is governed by the recalling of a rule or set of rules that were
previously acquired by the individual, be they through repeated experience or training.
Typically, "the rules used can be reported by the person" [Rasmussen, 1983, p.259]. A basic
traffic rule such as right-of-way is a good example of such behaviour. In that case, a distur-
bance, such as an oncoming vehicle to the right, is detected, and the person manoeuvres
according to a specific rule in order to resolve the conflict (feed-forward control). To trigger
the use of the right-of-way rule, the individual relies on observed, physical signs, such as
"coming from the right."

Finally, extra-ordinary situations requiring thorough analysis and the devise of a plan
of action — hence important cognitive efforts — from the individual to resolve the problem
are said to rely on knowledge-based behaviour. In those cases, a plan is composed so as
to achieve a specific goal, and the plan’s components are selected on the spot physically
through trial-and-error or conceptually by assuming and predicting the behaviour of the
surrounding system. In that sense, the words of Goffman [1971] — who believed that all
actions are meaningful — are to be mentioned here: "Voluntary coordination of action is
achieved in which each of the two parties has a conception of how matters ought to be
handled between them, the two conceptions agree, each party believes that this agree-
ment exists and each appreciates that this knowledge about the agreement is possessed
by the other." In other words, trust characterises knowledge-based performance. Individu-
als solely rely on symbols in this case, which are abstract, mental constructs that help bring
meaning to a situation.

3.5. Collision avoidance manoeuvres

When interacting in space and time, we have seen that (groups of) individuals seek signals,
signs, and symbols to determine their next manoeuvre using their capabilities, and thus
resolve a potential conflict, be it through a sub-conscious, automatic process or rather a
cognitive one. Sociological studies have attempted to shed light on those manoeuvres and
their determinants, two of which are summarised hereafter.

Jensen [2010] argues that the physical interaction manoeuvres of individuals are corre-
lated to the relations of norms, values, and power amongst the interacting agents. He also
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asserts that individuals have an "existing repertoire of actions, mobile negotiation tech-
niques, and mobile interaction tactics" [Jensen, 2010, p.151]. Personal characteristics, cul-
ture, and experience are thus intrinsic to people’s manoeuvres. In terms of collision avoid-
ance techniques, Jensen differentiates six typologies: group passing other pedestrian, group
letting in stranger, the classic dance, both giving in, the zigzag turner, and the stop to pass
(Figure 3.3). Since Jensen believes, as Goffman, that such manoeuvres are related to no-
tions of power and responsibility — which are to be compared to Rasmussen’s symbols —,
they could be classified as knowledge-based behaviour.
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Figure 3.3: The six collision avoidance typologies [Jensen, 2010]

Haddington and Rauniomaa [2014] seem to propose another way of looking at collision
avoidance manoeuvres between individuals. To them, conflict avoidance is the result of a
collaboration between people, who explicitly communicate with each other. The authors
speak of and oppose traffic civility rather than traffic regulations, where traffic civility con-
sists in a set of informal rules and gestures acquired by experience and well-understood by
the others. These rules and gestures are used on a voluntary basis, as opposed to traffic reg-
ulations which are mandatory. In that sense, Haddington and Rauniomaa’s interpretation
of conflict resolution is one translating rule-based behaviour.

3.6. Conclusions

Throughout this brief literature review, we have seen that shared spaces can be understood,
analysed, and evaluated from a variety of perspectives: traffic safety, social capital, and aes-
thetics. In any case, shared space is always seen as a place relying on human-environment
interaction and informal protocols to resolve conflicts/avoid collision, rather than conven-
tional rules.

Those protocols are triggered by the conflict’s task demand level, and resolved through
the use of one’s abilities. One’s ability to resolve a conflict highly depends on their experi-
ence and personal traits, as well as the task demand and context.

When avoiding collision, individuals make use of their innate and acquired skills, rules,
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and knowledge. It appears from this review that walking and cycling can be classified as
skill-based behaviour, while collision avoidance behaviour can be seen as a rule-based per-
formance, i.e. a performance where a set of individual or universal rules are selected from
experience and applied as a (sub) routine.

However, one could also argue that in the specific case of shared space, where design
does not indicate which sets of rules may apply, collision avoidance behaviour may be clas-
sified as a knowledge-based performance. This is also suggested by the principles of shared
space and risk compensation theories themselves, whereby safety and collision avoidance
is solely achieved due to the uncertainty of the situation and thus the requirement of indi-
viduals to take greater care in deciding upon their next move.

The research carried out in this thesis therefore aims at determining whether collision
avoidance behaviour pertains to rule-based behaviour (which would mean pedestrians
and cyclists do have control over the conflict situations, hence indicating that shared space
safety is achievable by means of a simple design) or knowledge-based behaviour (which
would indicate that pedestrians and cyclists behaviour is unpredictable, and that shared
space safety is achievable by introducing a strict set of traffic rules for such spaces).






Stated preference survey

The main advantage of devising a survey is to gain insight on the personal characteris-
tics, experience, and competences of the respondents to better understand their decision-
making process. Throughout the survey, the goal is to reveal what situational and personal
attributes play a role in determining the manoeuvres that are selected to resolve a conflict.
This chapter explains the steps followed to design the online SP survey that was eventually
distributed to form the basis of the analysis.

4.1. Approach

In an attempt to steer the survey design in the right direction from the get-go, on-site ob-
servations and interviews of passersby were carried out (section 4.2). These preliminary
investigations allowed to get an idea of the ability of pedestrians and bicyclists to assess
their own actions regarding conflict avoidance. On the one hand, this validates the method
used (the survey) and on the other hand, allows to draft a preliminary set of attributes to be
tested.

The next step was to create a pilot survey (section 4.3), to test the formulation of the sur-
vey questions, the quality of the response choice sets, as well as the validity of the method.
The improvements suggested by the results of the pilot survey are then incorporated in the
final survey design.

Finally, using the knowledge gained via the on-site work and the pilot survey, a final
survey was designed and distributed (section 4.4) to collect a maximum of answers, thus
creating a pool of data to analyse of the best quality and relevance possible.

4.2. Observations and interviews

On Thursday October 6, 2016, direct observation of pedestrian and bicyclist behaviour was
carried out at the De Ruijterkade shared space facility (Figure 4.1), located at the north side

17
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Figure 4.1: The De Ruijterkade shared space behind Amsterdam Central Station, The Netherlands (Source: A
City Made by People [2016])

of Amsterdam Central Station, The Netherlands. This new shared space is located at the
intersection of two major bi-directional cycle tracks (along De Ruijterkade and under the
train station via a tunnel) where many different activities are going on: waiting for the ferry,
exiting the ferry, commuting, accessing the station, meeting someone, etc. Because of this
complexity of activities and therefore movements, as well as the high volumes of pedestri-
ans and cyclists at the intersection, the cycle tracks are raised to sidewalk curb height, thus
creating a uniform plateau where pedestrians and cyclists mix and carry out their activity.

The on-site observations were aimed at revealing conflict avoidance behaviour in the
first place, and the impact of the site characteristics on behaviour to the extent possi-
ble. Then, passersby, including both pedestrians and cyclists waiting for the ferry, were
informally interviewed to validate the observations made and assess the ability of pedestri-
ans and cyclists to self-report their collision avoidance behaviour or experience in shared
spaces. They were informally asked the following 3 questions:

1. What situations with pedestrians/bicyclists do you find most challenging in general?
2. How do you typically react to those situations?

3. What factors do you think influence your decision to do so?

4.2.1. Conflict avoidance behaviour

It was noticed that pedestrians tend not to deviate from their intended path when in a
conflict with a bicyclist. They rather slow down - or even stop if necessary — and resume to
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their intended walking speed once the conflict is avoided. This allows bicyclists to better
anticipate trajectories of pedestrians, and they can therefore adapt their trajectory while
keeping their intended speed in order to avoid pedestrians.

Adapting direction rather than speed when bicycling also makes sense from a conser-
vation of energy perspective; bicyclists indeed tend to be willing to keep their momentum
rather than having to accelerate after making stops, in order to minimise their effort.

Finally, elderly people on foot tend to come to a complete stop more often than younger
people for similar types of conflicts.

The core findings of the observations are the following:

* The behaviour of the users of the De Ruijterkade shared use facility seems to be sig-
nificantly altered by the ferry schedule (both departures and arrivals).

* When in a conflict, the slowest individual or group of individuals tends to slow down
without changing trajectory, while the fastest individual or group of individual devi-
ates from their intended trajectory while maintaining speed. This suggests that colli-
sion avoidance behaviour in shared spaces may be the product of the simultaneous
deployment of skill-, rule-, and knowledge-based behaviour.

4.2,2, Impact of site characteristics on behaviour

The free public ferry service originating from De Ruijterkade uses a countdown to indicate
next departures towards the other side of the IJ river. It was found that when the count
approaches 0, bicyclists significantly accelerate and focus on reaching the ferry as directly
as possible. This tends to limit their ability to pay attention to their environment in detail,
and may affect their approach to conflict anticipation and avoidance.

The De Ruijterkade shared use facility is located at the intersection of two bicycle tracks,
at grade with the sidewalk. It was found that bicyclists observe the intersection with a lot
of care prior to reach the raised piece of infrastructure, mostly to assess the trajectories of
on-coming crossing pedestrians and bicycles. This is particularly the case when a ferry just
arrives at De Ruijterkade and a sudden increase in pedestrian and bicycle flow is expected.

Pedestrians and bicyclists arriving by ferry to De Ruijterkade also exhibit precautions
when exiting the ferry, as their sudden presence may highly interfere with pedestrian and
bicycle traffic on De Ruijterkade. Many bicyclists are indeed walking their bicycles un-
til reaching a lower-density location at which they can mount their bicycle and cycle at a
comfortable speed.

4.2.3. Interviews

Although the sample of people interviewed can clearly not be representative of the popu-
lation using the facilities of the case study site (e.g. too few people surveyed, difficulty in
interviewing people on the go, in a hurry, tourists speaking foreign languages), the follow-
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ing patterns were identified from the respondents:

Pedestrians’ reactions

The most challenging situations for pedestrians include:

* when the flow of bicyclists is very high; and,

* when bicyclists travel in multiple directions.

The main reaction of pedestrians when faced with those situations is to slow down or
stop. For simpler situations, e.g. one-on-one or when bicyclists are slow, eye contact is
usually sufficient to resolve a conflict, and generally pedestrians are able to maintain their
speed, meaning they slightly swerve away from their intended path ("if the cyclist sees me,
we both avoid each other at the same time"). The density of the pedestrian and cyclist
crowd ("when there are a lot of people everywhere") as well as travelling with children ("I
don’t want to take risks with my kids") are the two most common reasons explaining slow-
ing down or coming to a stop.

Cyclists’ reactions

The most challenging situations for bicyclists are more numerous and detailed, and in-
clude:

* large groups of pedestrians walking together ("large groups of pedestrians tend not
to pay as much attention to their surroundings as a single person");

* (groups of) pedestrians walking towards each other while the bicyclist is trying to
cross their path in between them ("I hesitate between slowing down or accelerating
when people converge towards me from different directions");

* when the crowd is too dense ("it is difficult to anticipate the movements of every
person");

* when in a rush and many pedestrians are in the way ("I don’t like having to slow down
or concentrate on avoiding people when I'm in a hurry"); and,

* when tourists do not know how to behave with respect to bicycles ("I'm never quite
sure how tourists will react to any movement I make").

The techniques used to resolve conflicts are apparently highly dependent on the situa-
tion: the bell is generally used to alert distracted pedestrians so as to make eye contact and
maintain speed (usually used when bicycling at a relatively high speed), swerving seems
to be mostly employed to avoid an obstacle and maintain speed, while slowing down and
stopping are used when densities are too high or when the situation is too complex (in
combination with the bell at times).
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All in all, the main factors affecting the decisions of bicyclists towards the selection of
a collision avoidance manoeuvre are density of the crowd, trip purpose (when in a rush to
work, the goal is to maintain a high speed), as well as pedestrian type and party (tourists vs.
locals, single person vs. group).

Summary

Several remarks can be made from the interviews. First of all, pedestrian respondents gave
much less detailed answers than the bicyclists. This could indicate that pedestrians do not
classify situations as challenging as easily as bicyclists, meaning that they have a higher
tolerance to situation complexity. This could be due to the fact that pedestrians have more
degrees of freedom than bicyclists regarding their behaviour, e.g. sudden lateral movement
or immediate stopping. It could also mean that pedestrians are simply less aware of their
surroundings, or trust the bicyclists’ skills to avoid them. This level of trust may be found
because pedestrians typically have priority over other transport modes by law, and they
thus expect the other modes to 'do the work’ to not collide with them.

Last but notleast, walking is inherent to the human nature, and as such pedestrian colli-
sion avoidance behaviour may be conceptualised as a subconscious process, thus explain-
ing the difficulty of pedestrians to recall and describe specific conflicting situations. In that
sense, pedestrian collision avoidance behaviour may pertain to the realm of skill-based be-
haviour. On the other hand, bicycling consists in using a tool — the bicycle — according to
some specific rules (directionality of bicycle ways, yielding norms, etc.), hence rendering
the processes of detecting and avoiding collisions as more conscious tasks, or rule-based
performance.

Nevertheless, although pedestrians may not be as able as bicyclists to recall their be-
haviour in conflicting situations, presenting a survey describing and depicting specific con-
flicts forces the respondents to make conscious decisions to avoid imminent hypothetical
collisions. This will allow to test the degree to which collision avoidance is a conscious be-
haviour - that is, whether a pattern of behaviour can be found in the respondents’ choices.

4.2.4, Conclusions

The on-street interviews and observations were initially aimed at assessing the feasibility
of conducting an online survey on collision avoidance behaviour. It was found that dis-
crepancies may exist in the level of consciousness of collision avoidance behaviour (detec-
tion, decision, recalling) among pedestrians and bicyclists. The online survey will, to some
extent, allow to assess whether these discrepancies are significant. If, for examples, pedes-
trians’ choices are random, a possible explanation is that collision avoidance behaviour
is too subconscious for people to recall their actions. Another possibility would be that
pedestrians’ choices are not random, but however do not relate to reality, although it could
be argued that the chances of a sample consistently choosing the exact same unrealistic
collision avoidance manoeuvres are slim.

It was also observed that the characteristics of a site (location, categories of users, sched-
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ule of services, etc.) may significantly influence behaviour. The SP survey will therefore be
designed to include contextual variables, and collect information on age and gender, for
example.

4.3. Pilot survey

An SP survey typically consists in presenting the respondents with successive choice sets —
a set of alternatives — for which a choice must be made - the preferred alternative. The pur-
pose of such a survey is to investigate on the factors influencing the choice of that preferred
alternative. The choice sets must therefore showcase clear attribute differences from one
to another, so as to evaluate both the effects of an attribute and its levels.

For this project, the respondents (either described as pedestrians or bicyclists) are pre-
sented with a series of conflicting situations for which they must select a preferred collision
avoidance manoeuvre. This section presents the design process of the survey, as well as its
results and implications.

4.3.1. Survey design

The pilot survey consists in a series of questions formed with images depicting the differ-
ent levels of attributes to be tested. The respondents then choose their preferred trajectory
manoeuvre based on the image seen and contextual information given. The steps to de-
velop the sets of attributes to be tested and of response manoeuvres choices are described
hereafter.

Attributes and levels

Collision avoidance behaviour may be described as the end decision of an individual based
on the (conscious or subconscious) evaluation of many situational and personal attributes
(e.g. relative speed, risk-taking behaviour, etc.). Through the interviews and observations,
a set of such attributes can be drafted:

1. Speed of the conflicting user(s): speed seems to be the most determining factor in the
establishment of a power relation amongst the two modes. It was indeed observed
that the slower mode typically alters its speed, when the faster mode alters its trajec-
tory.

2. Density: people may react differently when facing a single person or a crowd.

3. Direction: people may avoid collisions in different ways based on the trajectories’
interception angle.

4. Distraction: as reported in the interview, eye contact is important to establish trust
and coordinate movements with one another in order to share the burden of avoiding
collision.
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5. Context: the power relationship between the two modes may be altered whether one
is in a rush, strolling with friends, accompanied by children, etc.

6. Personal attributes, such as Age (the elderly seem to be more cautious than other age
categories, which may explain some variance in collision avoidance behaviour) and
Cultural background (e.g. tourists may react differently than locals, although this was
not directly observed and is therefore a hypothesis).

Personal attribute cannot be tested the same way as the other, situational attributes.
The choice situations proposed to the survey respondents therefore include attributes 1
through 5. Personal attributes such as Age and Cultural background are tested using open-
ended questions.

In order to test the significance, as well as to estimate the impact (parameters) of the
situational attributes, attribute levels are defined. These attribute levels, combined with
one another, serve as the basis for the situations to be designed and proposed to the re-
spondents. They are as seen in Table 4.1.

Table 4.1: Attributes and attribute levels of the SP survey

Attribute Levels Comment
Speed low the speed describes that of the conflicting (group
p high of) individual(s)
1 L . _—
. person the group size indicated the size of the conflicting
Group Size 3 people e
(group of) individual(s)
6 people
o frontal the direction indicated whether the imminent colli-
Direction L .
45 degree sion is frontal or sideways
ithout i -
Eye Contact withou the. eye .conta.ct attribute serves as a proxy to de
with scribe distraction
alone (base case) the context attribute aims at assessing the impact of
Context in a rush to work trip purpose and its effect on risk-taking behaviour

shopping with friends  onto collision avoidance behaviour

Choice situations

5 attributes are tested in the experiment, with either 2 or 3 levels each. The total number of
possible combinations (or choice situations thereof) from the perspective of a pedestrian
or a cyclist, is thus 23 x 32 = 72. A survey design which would test all those combinations
is called a full factorial design. However, a full factorial design would require asking the
respondents to answer too many questions (72 questions as a cyclist, and 72 questions as
a pedestrian), which would be very time consuming and boring. The risk of respondents
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answering at random or simply not finishing the survey would therefore be high and the
results insignificant.

In order to find a statistically sound fractional factorial design to the survey, two design
requirements must be observed: orthogonality of the attributes (attributes must not be
correlated), and attribute level balance (every level of an attribute must appear an equal
number of times across the design).

Basic Plans [Addelman, 1962] are typically used to ensure orthogonality and attribute
balance in designing stated choice surveys. Basic Plan 5 as per this reference is the ba-
sic plan with the minimum number of choice situations (16) that can effectively comply
with the orthogonality and attribute balance principles for a survey formed by 2 three-level
attributes (columns 1* and 2* of the second block of Table 4.2) and 3 two-level attributes
(columns 07, 08 and 09 of the third block of Table 4.2).

Table 4.2: Pilot survey design according to Basic Plan 5

Trial 4 levels 3 levels 2 levels

1 2 3435 1 2 3 45 00O0ODO 00001 11111

kR Rk * ok okow ok 1 2 3 45 6 789 0 1 2 3435

1 0 00O0O 0 00O0OO 00O0OO 000OO O 00O0OTO
2 0112 3 011 21 00O0O01 10111 01110
3 02201 02 2 11 00010 11011 1 0011
4 0 3312 01 11 2 00011 01100 11101
5 1 0111 101 11 01100 00110 11011
6 1 1032 1101 2 01101 10001 1 0101
7 1 2320 1 2120 01110 11101 01000
8 1 3203 11201 01111 01010 00110
9 2 02 2 2 20 2 2 2 1 0100 01011 01101
10 21301 21101 1 0101 11100 00011
11 2 201 3 22011 1 0110 10000 11110
12 2 3130 21110 10111 00111 1 00O00O
13 3 0333 101 11 11000 01101 1 0110
14 31210 11210 11001 11010 11000
15 3 210 2 1 210 2 11010 10110 00101
16 3 3021 110 21 11011 000O0°1 01011

Excluded 1 - 000 2 -0
columns 2 3 4

*
]
—

Note that trial pairs 6 & 16 and 8 & 14 are the same, hence reducing the design to 14
questions for each mode. As a result, the 14 choice situations described in table 4.3 are
developed.
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Table 4.3: Pilot survey choice situations for each mode

Trial Distance Direction Eye Contact Group Size Context

1 far facing no alone alone

2 far crossing yes alone shopping
3 close facing yes alone rushing
4 close crossing no alone shopping
5 far crossing yes medium alone

6 far facing no medium  shopping
7 close crossing no medium rushing
8 close facing yes medium  shopping
9 close facing yes large alone
10 close crossing no large shopping
11 far facing no large rushing
12 far crossing yes large shopping
13 close crossing no medium alone
14 far crossing yes medium rushing

Choice alternatives

For each of the 28 choice situations (14 for each mode) that the SP pilot survey respondent
is presented with, a preferred manoeuvre must be chosen. Based on the interviews and
observations, 5 basic manoeuvres are proposed at this stage:

Accelerate
Decelerate
Stop

Step/swerve aside

A N

Do nothing

For each situation, respondents must choose one and only one manoeuvre, thus mak-
ing a choice between altering their speed (first three choices) or their direction (last two
choices).

Pilot survey composition and dissemination

The survey is based on the questions developed thanks to Basic Plan 5, and also includes
a section to collect personal characteristics such as age, gender, and origin, as well as an
open-ended question section to let the respondents describe freely their impressions about
the survey and make suggestions for improvement in view of the final survey.

The choice situations developed using Basic Plan 5 are illustrated by means of images
built in Adobe Photoshop. Images are chosen over textual description for they allow not to



26

explicitly describe the attributes being tested. This way, respondents are not encouraged
to pay attention to specific attributes so as to replicate real decision-making processes as
much as possible, in which pedestrians and cyclists are not asked to look for specific cues in
their surroundings. Besides offering a good compromise between SP and RP experimental
techniques, this setup also allows for testing not only the significance of attributes, but also
the relevance of the survey tool to study collision avoidance behaviour.

The pilot survey is distributed to a limited number of participants to quickly gather
preliminary data to identify flaws (e.g. choice alternatives, survey length), assess whether
the attribute levels are well differentiated and understood by the participants, and get a first
look at the impact of attributes and their levels on collision avoidance behaviour.

Images

The images depicting the scenarios shown in the survey are created using Adobe Pho-
toshop. An image showing the shared space at the intersection of Grote Breedstraat, Bot-
erstraat, Koornmarkt and Oranjewal in the town of Dokkum, The Netherlands, is used as
background for all pictures (courtesy of Mobycon B.V.)). Choosing a space with no recog-
nisable infrastructural details to neither pedestrians or bicyclists is ideal here in order to
let the respondents base their answers on the conflict situation only, irrespective of the
surroundings.

Pedestrians and bicyclists cut outs are then added to the background image accord-
ing to the choice situations of Basic Plan 5 of the survey. This is done twice: once for the
pedestrians using bicyclists cut outs, and once for the bicyclists using pedestrian cut outs.
The context attribute is not depicted in the images, but rather explicitly described to the
respondent, since this would be a known attribute level in a real situation. Therefore, sit-
uations pairs 5 & 14 and 7 & 13 of Table 4.3 use the same images, yielding 12 images to be
created for each mode. A total of 24 images is thus produced.

Open-ended questions

Respondents were given the chance to comment on the quality and understandability
of the survey so as to improve the final survey design. Questions about the images, but also
about the proposed manoeuvres were developed.

Personal information

Age, gender, country of origin, and city of residence of the respondents were asked.
Age, especially the elderly, may indeed be a significant factor in the selection of a collision
avoidance manoeuvre. The origin of the respondent may capture cultural background dif-
ferences, which may include traffic rules and norms, experience with and as pedestrians
and bicyclists, experience in shared spaces, amongst other. Finally, city of residence may
capture more subtle differences in experience with pedestrians and bicyclists; for instance,
aresident of Amsterdam may have a completely different experience with bicyclists than a
resident of a small Dutch village (higher traffic flows, higher densities, noise, tourists, etc.).
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Distribution platform

The pilot survey was distributed to a total of 10 people via Google Forms. These people
were selected according to several criteria: cultural background (Canadian, Costa Rican,
Dutch, French, Italian), age (24-48), gender, background education (civil engineering, me-
chanical engineering, transportation engineering, electrical engineering, urbanism, archi-
tecture), and occupation (student, consultant, civil servant). The pilot survey as presented
to the respondents via Google Forms can be found in Appendix A.

4.3.2. Analysis of the results of the pilot survey

9 out of the 10 people contacted for the pilot survey responded. At first glance, their an-
swers to the choice situations show some variance. The respondents’ characteristics and
their feedback are used to determine whether this variance is the product of actual attribute
impact on choice, random effects due to the impossibility to identify the attribute, or a
combination of both. Altogether, the pilot survey results analysis is used to design the final
survey.

The analysis of the pilot survey results is carried out with the following objectives in
mind:

1. Identify survey design flaws from the respondents’ feedback
2. Assess the impact of the tested attributes on collision avoidance manoeuvring choices

3. Validate the hypotheses from the on-site observations and interviews

Feedback
Quality of the survey

The clarity of the questions asked was rated 3.8/5 on average. The quality of the images
was rated 4.4/5, and the relevance of the proposed choices was rated 3.9/5 on average.
Some work therefore needs to be done to improve the clarity of the questions, and the
comments left in the open-ended question are used to that end.

Suggestions for improvement

The following issues were raised by the respondents:

 Task description: a more detailed description of the task would be welcome, as some
respondents were not sure about the speed at which they were hypothetically going,
nor whether every situation represented a conflict.

 Distance and group size attributes: some respondents thought there were 3 levels,
however the intention was to only display 2.

* Context attribute: the case where the respondent is hypothetically the walking/cy-
cling alone was found to be difficult to imagine.
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* Manoeuvre choice: there is no possibility to select multiple manoeuvres, which was a
problem for two respondents who wanted to select both "I swerve aside" and "I slow
down" at times, especially when being a cyclist. Moreover, the formulation of the do
nothing option may have been misleading.

Collision avoidance manoeuvring choices

Figures 4.2 and 4.3, produced using MATLAB, depict the manoeuvre choice distribution of
bicyclists and pedestrians over all attribute levels included in the pilot survey. The size of
the disks show the relative preference of the respondents for the five proposed manoeuvres
given an attribute level. The lines show how respondents who have chosen a manoeuvre
for a given attribute level have changed their choices given an other level of that attribute.
The thicker and darker the line, the more respondents have chosen the same pair of ma-
noeuvres.

Note that for the group size attribute, disks represent the proportions for a single person,
and a large group (4 or 6 people) conflicting with the respondent. This is because respon-
dents found it difficult to differentiate between a medium and a large group of people (see
the feedback analysis above).

Cyclists’ choices

Overall, bicyclists show a clear preference for the "swerve aside" manoeuvre, except
when shopping with friends or rushing to work ("do nothing" is then preferred). "Slowing
down" is usually the second-most chosen manoeuvre. Cyclists also tend to maintain or
switch between their two most preferred manoeuvres. Table 4.4 shows the cases for which
each manoeuvre is the most chosen. The results correspond to intuitive expectations: ac-
celerating is mostly used when in a rush, stopping is mostly adopted when facing a large
group of pedestrians, etc.

Table 4.4: Attribute levels for which each bicycle manoeuvre is the most chosen.

Manoeuvre Mostly used when:

I accelerate rushing to work

I slow down biking alone

I stop facing a large group of pedestrians

I swerve aside pedestrian(s) walking towards the bicyclist

I don’t do anything shopping with friends & rushing to work

Finally, when looking at the changes in choices given attribute level changes, one can
see that the choices of the respondents show a higher dispersion for the attributes eye con-
tact, direction, and distance, as opposed to group size and context. For example, respon-
dents who prefer swerving aside when detecting a conflict from far away chose to swerve
aside, slow down, stop or accelerate when detecting a close conflict. The challenge is
therefore to explain the dispersion over those manoeuvres. This is done by finding simi-
lar changes over all attributes. Table 4.5 summarises the influencing factors for switching
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from a manoeuvre to another; note that only causal links true for at least two thirds of the
respondents are retained here - it is assumed that, with such a low number of respondents,
the change in manoeuvres observed for a minority of respondents is insignificant. The re-
lationships shown in the table can be read in both directions. Care must however taken in
interpreting those observations; it is indeed not clear at this stage whether switching from
"swerving aside" to "slow down" is due to a single change in distance, direction, eye contact,

and context or a combination of those changes.

Table 4.5: Causes of bicycle manoeuvre changes

Manoeuvre change Causal link Attribute
swerve aside — accelerate far < close distance
far — close distance
facing < crossin o
& e direction
crossing — facing
swerve aside — slow down yes < no
eye contact
no < yes
alone — shoppin
. ppg context
rushing — shopping
far — close distance
facing < crossing direction

yes < no

eye contact

swerve aside < stop

small — large group size
alorlle - ShOPp“_lg context
rushing — shopping
yes < no eye contact
do nOthing ~— Swerve
small — large group size

slow down < stop yes < no

eye contact
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Figure 4.2: Bicycle manoeuvres. For each attribute level, disk size shows the relative inclination towards a
manoeuvre. For each manoeuvre pair, the thickness and darkness of the lines show the percentage of respon-
dents who have chosen that pair.
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Pedestrians’ choices

The same analysis is performed for pedestrians. Overall, they show no clear preference
for a single manoeuvre, except when facing (a) cyclist(s) ("I step aside") or when far away
from the oncoming cyclist ("I don’'t do anything"). There is also no clear tendency to main-
tain a specific manoeuvre at all cost; it therefore seems that all manoeuvres are used by
most respondents in any situation. Table 4.6 shows the cases for which each manoeuvre is
the most chosen. The results correspond to intuitive expectations: accelerating is mostly
used when in a rush, slowing down is mostly adopted when cyclists cross the path of pedes-
trians (as observed during the observation phase), etc.

Table 4.6: Attribute levels for which each pedestrian manoeuvre is the most chosen.

Manoeuvre Mostly used when:

[ accelerate rushing to work

I slow down bicyclist(s) biking across the pedestrian’s path
I stop bicyclist(s) close to the pedestrian

I swerve aside bicyclist(s) biking towards the pedestrian

I don’'t do anything bicyclist(s) far from pedestrian

Finally, when looking at the changes in choices given attribute level changes, one can
see that the choices of the respondents show a higher dispersion for the attributes context,
eye contact, and distance, as opposed to direction and group size. Table 4.7 summarises
the influencing factors for switching from a manoeuvre to another; again, only causal links
true for at least two thirds of the respondents are retained here, the relationships shown
in the table can be read in both directions, and those causal relations may or may not be
simultaneous.
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Table 4.7: Causes of pedestrian manoeuvre changes

Manoeuvre change Causal link Attribute
far < close distance
crossing — facing direction

slow down «— step aside

no < yes

eye contact

alone < shopping

shopping < alone context
alone < rushing
. . far < close distance
do nothing < step aside - : —
crossing — facing direction
far < close distance
yes < no eye contact

do nothing — slow down

large <~ small
shopping < alone
alone — shopping
rushing < alone

group size

step aside — stop

yes < no

eye contact

slow down < stop

alone < shopping

context

slow down < accelerate

alone < rushing

shopping < rushing

context
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Figure 4.3: Pedestrian manoeuvres. For each attribute level, disk size shows the relative inclination towards
a manoeuvre. For each manoeuvre pair, the thickness and darkness of the lines show the percentage of re-
spondents who have chosen that pair.
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Individual preferences

Every respondent has chosen a variety of manoeuvres depending on the situations pre-
sented to them. When looking at the personal characteristics of the respondents and their
answers, one can observe the following (although the limited number of respondents may
not yield significant correlations):

* Respondents originally from the Netherlands (2) have a more distinct preference for
a certain manoeuvre (typically "I swerve aside" or "I don’'t do anything") than those
who grew up outside the Netherlands (more dispersion).

* Female respondents (5) tend to be more cautious ("I slow down" and "I stop" selected
more frequently) than male respondents.

* People with no experience biking in the Netherlands (2) make use of less manoeuvres
than others.

Limitations

When analysing the pilot survey results, a couple of limitations can be formulated. First
of all, the limited number of participants does not yield statistically representative or sig-
nificant results, and the conclusions drawn from their analysis must therefore be carefully
interpreted. Next, the survey design used is not a full factorial design, which means that the
effect of changing one attribute level only cannot be isolated. At least two attributes were
indeed changed for every situation in order to limit the number of questions. However, af-
ter having talked to the pilot survey respondents, it seems that the 28 questions took less
than 5 minutes to answer, which means that the number of questions in the final survey
could potentially be increased.

Furthermore, the images shown in the survey are not as realistic as a real conflict situa-
tion. However they do provide a strong control over the attribute levels under study, which
strengthen the ability of respondents to distinguish between situations. Moreover, the im-
ages shown to the respondents were showing people of different gender and clothing style
- mostly due to the difficulty of finding pedestrians and bicyclists cut outs relevant to this
survey - which may have also biased the respondents’ manoeuvre choices to some extent.
The final survey design should therefore aim at minimising the effect of those uncontrolled
variables. A choice must be made between realism of the situation and attribute control.

Finally, the list of proposed manoeuvres may not be exhaustive enough in order to al-
low respondents to effectively express their preferred course of action, as mentioned in the
feedback section of the survey and observed in the respondents’ answers - the manoeu-
vre changes between "swerve/step aside" and "slow down/stop" show the highest number
of causal links for both modes. The proposed choices of the final survey should there-
fore allow respondents to freely combine speed and position changes to best describe their
preference towards trajectory adjustments.
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4.3.3. Improvements to the survey

Considering the analysis of the pilot survey results, as well as the feedback from the respon-
dents, the following improvements are integrated to the final survey:

* Attributes The group size attribute is reduced to 2 levels (1 and 3 people) in order to
be able to test for more combinations of attribute levels overall, and to avoid such
inconsistencies as the ones found in the pilot survey answers - most probably due to
the fact that it is difficult to create images that exactly depict the intended changes
in attribute levels. The context attribute levels are also changed. Respondents in-
deed had trouble imagining the difference between biking alone and shopping with
friends, for instance. The main reasons to this could be that both the trip purpose
and the number of accompanying people are changing, and that in reality one’s be-
haviour in such contexts are probably very similar. Hence the following levels are
included in the final survey: biking/walking, biking/walking with friends (change in
number of people), and biking/walking in a rush to catch a train (change in purpose
with a clear and simple goal).

* Task description It is explicitly stated that collisions are imminent in all situations so
as to force respondents to make a choice in order to avoid them.

* Images The images are constructed with cut outs of the same two people for the en-
tire survey to minimise gender and clothing style bias in the answer. Furthermore,
the distinction between the distance attribute levels is stressed, and the direction at-
tribute level crossing is adjusted so that people in the images are coming from the left
in order to avoid respondents thinking too much about the priority to the right rule.

* Manoeuvre choice Instead of proposing a defined set of manoeuvres to the survey
respondents, respondents are now free to select both a speed and a position manoeu-
vre. The advantage of this formulation is twofold: (1) the potential combinations of
speed and position adjustments are exhaustive while (2) being easy to imagine by
the respondents, thus preventing long sentential formulations that could take time
to read and understand.

* Personal background information More questions concerning the transport habits
and traits of characters towards transportation are included in the final survey. These
questions are aimed to give a portrayal of respondents so as to obtain qualitative
insights on their answers. The premise of this research is indeed that pedestrians
and cyclists are intelligent road users and therefore make use of their experience and
skills to avoid conflicts.

* Choice sets The choice sets are different than those presented in the pilot survey and
are explained in the section hereafter.

4.4. Final survey design

The improvements suggested by the analysis of the pilot survey results are all integrated in
the final design of the survey. Because of those improvements, and because the objective
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of this thesis is to assess the impact of certain attributes on collision avoidance behaviour,
the choice situations presented to the respondents are updated (less attribute levels, more
questions). The final survey is then distributed to collect the data needed to carry on the
analysis.

4.4.1. Final choice situations

More care is taken in ensuring attribute level balance and the ability to analyse the impact
of changing the level of a single attribute (as opposed to simultaneous changes in the pilot
survey).

There are 4 attributes (distance, direction, eye contact, and group size) with 2 levels, and
1 attribute (context) with 3 levels. To design the choice situations, we are first interested
in changes in the first 4 attributes only (those which the respondents can actually see in
the images). A first set of questions will therefore aim at unravelling the effect of those
attributes. Then, the context attribute is introduced in order to test its impact in combina-
tion with each of the 4 other attributes. A second set of questions is therefore prepared. The
two sets of questions are finally compared to eliminate redundancies. This way, the impact
of each of the 5 attributes being tested in the choice situations can be isolated during the
analysis phase, and orthogonality and balance of attribute levels is maintained.

Two basic plans from Addelman [1962] are used successively in order to compose the
final set of choice situations. The first set of questions is developed using Basic Plan 4,
which gives the possibility to make pairwise comparisons between questions to identify
the impact of changing a single attribute level on collision avoidance behaviour. Basic Plan
4 uses two-level attributes only and outputs 12 questions (Table 4.8). At this stage, the
context variable does not vary and is fixed to its biking/walking level. The 4 other attributes
are modelled using columns 01, 02, 03 and 04. Note that trials 4 and 12 are the redundant.

Table 4.8: Final choice situations (1/3): 2-level attributes variation according to Basic Plan 4

Trial 2 levels

000 O0O 0 00O01
1 23 435 6 7 8 9 01
1 00 O0O0O 0 00O0ODO O
2 11011 1 00010
3 0110 110001
4 1 0110 111000
5 0101 011100
6 0010 ! 1 01110
7 00010 110111
8 1 0001 011011
9 11000 1 01101
10 11100 01 0110
11 01110 001011
12 10111 000101

The second set of questions is developed using Basic Plan 5 (which tolerates both 3-
and 2-level attributes), in which the 4 attributes previously tested (columns 04, 05, 06 and
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07) and context (column 1*) are varied. Basic Plan 5 thus yields an extra 16 questions (Table
4.9).

Table 4.9: Final choice situations (2/3): Adding the effect of context according to Basic Plan 5

Trial 4 levels 3 levels 2 levels

1 2 345 1 2 3435 00O0O0OTU 0 0001 11111

* ok ok ok & * ok ok k K 12345 6 7T 8 9 0 1 2 3 465
1 0 00O0O 00O0O0ODO 00O0O0OTO O 00 O0O0OO 00O0ODO
2 01123 01 1 21 000®O01 101 11 01110
K] 0 2201 02 2 11 00010 11011 1 0011
4 0 331 2 01 11 2 00011 01100 11101
5 1 0111 1 01 11 01100 00 1 10 11011
6 1 1032 1 101 2 01101 1 0001 1 0101
7 1 2320 1 2120 01110 11101 01000
8 1 320 3 1 1201 01111 01010 00110
9 2 02 2 2 202 2 2 1 0100 01011 01101
10 2 1301 21 101 1 0101 11100 00011
11 2 2013 22011 10110 1 0000 11110
12 2 3130 21110 10111 00 1 11 1 0000O0
13 3 03 33 1 0111 11000 011 01 1 0110
14 31210 11210 11001 11010 11000
15 3 210 2 1 210 2 11010 1 0110 00101
16 3 3021 1 1021 11011 0 0001 01011

Excluded 1 -0
columns * -1

N O
w o

Out of those 16 questions, we can assume that contextlevel 1 corresponds to biking/walk-
ing, which means that these 8 trials are redundant with those produced by Basic Plan 4 (ex-
cept one trial which is substituted to the redundant 4 & 12 trial pair). We are therefore left
with 12 + 16 — 8 = 20 trials, or choice situations.

All in all, for each mode, the 20 choice situations shown in Table 4.10 are presented to
the respondents.

4.4.2, Distribution

The final survey, which can be found in Appendix B, was distributed via social media (Face-
book, Twitter, LinkedIn), academic and professional networks (McGill University, TU Delft,
Mobycon B.V) as well as friends and family of the author, the goal being to reach a variety
of people in terms of age, educational background and culture. However, it was well under-
stood that strong biases would be nonetheless observed, for the survey is only in electronic
form, and the social network of the author may be young, educated, and sharing similar
interests for transportation.
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Table 4.10: Final choice situations (3/3): Summary

Trial distance direction eyecontact group size context

1 close facing yes 1 person none

2 far crossing yes 3 people none

3 close crossing no 1 person none

4 far facing no 3 people none

5 close crossing yes 3 people none

6 close facing no 1 person none

7 close facing yes 3 people none

8 far facing yes 1 person none

9 far crossing yes 1 person none

10 far crossing no 1 person none

11 close crossing no 3 people none

12 far facing no 1 person none

13 close facing yes 1 person with friends
14 close crossing no 1 person with friends
15 far facing no 3 people with friends
16 far crossing yes 3 people with friends
17 close facing yes 3 people rushing to train
18 close crossing no 3 people rushing to train
19 far facing no 1 person rushing to train
20 far crossing yes 1 person  rushing to train




Analysis

389 people fully completed the survey in a period of 48 days. This chapter describes the
methodology and statistical tools adopted to analyse the survey results, and presents the
results of the analysis in an attempt to identify those attributes that are associated with
collision avoidance behaviour. The survey is analysed following three main axes:

1. Understanding the characteristics, experience, and opinion of the sample popula-
tion, and the impact this may have on the results (Appendix C).

2. Identifying, if any, significant attributes affecting collision avoidance manoeuvre choice,
in an attempt to model shared space behaviour.

3. Unravelling the different manoeuvres used by pedestrians and bicyclists to avoid a
collision in different situations (Appendix D) to derive behavioural hypotheses.

In order to identify the extent to which the tested attributes affect collision avoidance
behaviour, the survey respondents’ answers must be subjected to thorough statistical anal-
ysis to first determine whether the findings can be generalised to the population (i.e. check-
ing for fixed or within-subject effects), to then assess the impact of such attributes on colli-
sion avoidance behaviour (modelling stage).

5.1. Descriptive statistics of the sample

The full sample population descriptive statistical analysis can be found in Appendix C. Here
is a summary of the main findings:

* The average respondent is 34.9 years old and 55.3% male.

* An overwhelming majority of respondents cycles or walks for main trip purposes
(work/university, shopping, reaching public transit), and 55.5% of them cycle on a
daily basis.
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* Respondents who cycle frequently are those who learned how to ride a bicycle at a
young age.

* The sample population is quite split over the question whether cyclists should be
allowed in pedestrian areas (60% disagreeing or somewhat disagreeing).

* Cycling at a young age boosts self-confidence, which in turns increases the chance of
cycling more frequently.

* 5.7% of female respondents have no access to a bicycle vs. 2.8% of male respondents.

* Female respondents learned how to bike later than male respondents, and they cycle
less frequently than male respondents.

* Respondents are mainly from the Netherlands, France, and Canada.

5.2, Analysis methodology

There exists three types of variables, namely scale (continuous or discrete), ordinal, and
nominal (a.k.a. categorical) variables. The majority of the survey variables are of nominal
type, i.e. they do not present any natural order, while age and age at which cycling was
learned are scale variables, and questions pertaining to statement agreement can be seen
as scale or ordinal.

In view of this information, log-linear analysis is deemed the most appropriate statisti-
cal tool to assess attribute significance and impact. Log-linear analysis, according to Field
[2013] is a statistical tool aimed at "analys[ing] more complex contingency tables in which
there are three or more [categorical] variables."

Two major drawbacks of using log-linear analysis can however be mentionned at this
point:

1. Panel effects, i.e. fixed or within-subject effects, cannot be modelled and thus cannot
be tested for significance.

2. As the number of variables grows, the number of main and interaction effects to be
tested for significance follows a power function of type 2% — 1 (Pascal triangle), e.g.
with 5 variables only, 31 effects would be estimated and tested for significance (i.e.
1 5-way interaction, 5 4-way interaction, 10 3-way interaction, 10 2-way interaction,
5 one-way interaction and 1 main effects). In log-linear analysis, only the highest-
order significant interaction effect must be interpreted, although the interpretation
of 4-way (or more) interaction effects is typically difficult if not impossible to com-
prehend.

To palliate these two problems, one can (1) carry out hypothesis tests to determine the
significance of panel effects and thus confirm or infirm the use of the log-linear analy-
sis modelling technique, and (2) pre-select the entering variables of the saturated model
(hence the saturated model would only consists in variables that are believed to play a role
in determining the choice of respondents).
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5.2.1. Panel effects: hypothesis testing

The objective of the hypothesis test is to determine whether panel effects significantly af-
fect the choices made by the survey respondents. If panel effects were to exist in the dataset,
this would mean that choices made by a random sample of unique respondents would not
follow the same distribution as the whole population. Conversely, if panel effects were
insignificant, a random sample would yield a statistically equal outcome as the whole pop-
ulation.

The following hypotheses are thus formulated:

HO The panel effects are not significant (no within-subject correlation hence all choices
are independent from one another).

H1 The panel effects are significant (within-subject correlation hence choices of each
respondent are correlated).

A t-test is used to accept or reject the null hypothesis by determining whether the mean
choice behaviour of a sample of unique respondents is statistically different from that of
the whole population. To that end, a sample is composed by a random selection of choices
for each of the 20 questions for each transport mode (pedestrian and cyclist) while en-
suring that each randomly sampled choice is made by a unique respondent (i.e. sampling
respondents without replacement). Several samples must be created in that way in order to
approach an assumed normal population distribution for the t-test. The minimum num-
ber of samples to be created is calculated as follows:

| Zar2\?
n—( 2 ) (5.1)

where:

Zqs2 is the standard score given a confidence level a

e is the random sampling error

5.2.2, Saturated model: entering variables pre-selection

Since mostly nominal variables are used in the survey, choice behaviour is defined here
as the degree of association between those variables and the choices made by the respon-
dents.

Cramer’s V measure of nominal association is therefore used to represent the degree
of association between the survey variables and the respondents’ choices. Cramer’s V is a
y?-based measure that is applicable to nominal variables consisting of more than 2 levels
(as opposed to the ¢ measure). Cramer’s V also corrects the y? value for sample size and
degree of freedom, thus norming the statistics to allow comparison of degree of association
with respect to other variables. It is calculated as follows:
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x2
V= - (5.2)
nxmin(r—1,c—1)

where:

x? is the Pearson’s chi-squared test statistic

n is the sample size
r is the number of levels of the survey variable being tested

¢ is the number of levels of the choice variable being tested

A Cramer’s V measure of association can therefore be computed for each of the sur-
vey variables with respect to the respondents’ choices. Based on the magnitude of the
Cramer’s V values, one can select entering variables for a saturated log-linear model. There
exists several Cramer’s V interpretation scales, with varying degrees of precision. For this
research, the scale presented Table 5.1 is used.

Table 5.1: Measure of association interpretation scale

Cramer’sV Effect size

0.0-0.2 very small

02-04 small
0.4-0.6 moderate
0.6-0.8 strong

0.8-1.0 very strong

5.2.3. Process and tools

Both hypothesis testing and entering variable pre-selection tasks can be performed at once.
For instance, one can draw a series of random samples from the respondents, compute
Cramer’s V measures of association for each of the survey variables with respect to position
and speed choices (hence looking for meaningful entering variables), and compare, for
each variable, the mean Cramer’s V over the samples to that of the population to assess the
significance of panel effects (hypothesis testing).

To create the random samples, the stratified random sampling process shown in Figure
5.1 is used for each mode in IBM SPSS Statistics 24.

For each mode, the samples thus created are exported to MATLAB.

In MATLAB, for each sample, y? statistics — using the Statistics and Machine Learning
Toolbox — and Cramer’s V measures of effectiveness are computed for each survey variable
with respect to position and speed choice. The same analysis is performed over the entire
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ITERATION PROCESS DESCRIPTION
RESPONDENTS
START 2 Population
¢]
7
5
o
1 Respondent 4's answer to

Question 1 is selected and
Respondent 4 is removed
from the pool.

Respondent 2's answer to
Question 2 is selected and
Respondent 2 is removed
from the pool.

Respondent 6's answer to

Question 3 is selected and

Resp 6 is removed
from the pool.

s

Respondent §'s answer to
Question 4 is selected and

E P 5 is removed
:H—. :H—i from the pool.

END Sample

R

Figure 5.1: Process to create a sample of answers without respondent replacement (hypothetical dataset).
Grey: remaining pool of answers to sample from; light blue: current question for which a randomly sampled
answer must be selected; white: discarded answers to sample from; yellow: randomly selected answer for the
current question; dark blue: answer(s) already sampled in previous questions.

population (hence assuming no panel effects). Since the Cramer’s V measures are direct
indications of the impact of each variable taken independently onto the respondent’s posi-
tion and speed choices, one can select the entering variables of the saturated model for the
log-linear analysis by selecting those variables with the highest Cramer’s V.

Finally, hypothesis testing is used to assess whether the samples (controlled for panel
effects) behave statistically equally to the population (with no assumed panel effects at this
stage). The Cramer’s V measures are therefore averaged for each variable over all samples,
and compared to the corresponding population variable’s Cramer’s V. If the average sample
behaviour is significantly different than that of the population, panel effects are at play and
no general model can be estimated. This process is illustrated in figure 5.2.
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CRAMER'S V COMPUTATION AVERAGING HYPOTHESIS TESTING
SAMPLE 1 SAMPLE 2 SAMPLE 3 SAMPLES' AVERAGE POPULATION

VAR. 1 Vi Vo, Va1 Va1 ———lp Vo

VAR. 2 Viz Vaz Va2 Vsz —— Ve2

VAR. 3 Vis Vas Vs Vg3 < > Ve

Figure 5.2: Process to determine the existence of panel effects.

5.3. Results

Using a 95% confidence interval and assuming a 5% maximum random sampling error, a
minimum of 385 samples (yielding 1 answer for each of the 40 questions every time) must
be drawn in order to approach the population’s distribution. In total, 389 samples were
randomly drawn from the population so as to exactly match the number of observations in
the population.

5.3.1. Measure of association

For each mode and for each survey variable, Cramer’s V measures are computed with re-
spect to the position and speed choices of respondents. As mentioned earlier, a Cramer’s
V value close to 1 indicates a strong degree of association between the given attribute and
the respondents’ choices.

Figures 5.3 through 5.6 display the probability distribution of the Cramer’s V measures
over all the samples (each point corresponds to one of the 389 samples), and compares
it to the normal distribution (dotted lines). For clarity and to ease the interpretation, the
attributes are split in 4 categories: conflict scenario attributes (the choice situations), per-
sonal characteristics attributes, personal experience and habits attributes, and character
and opinion attributes. One can observe three phenomena on those graphs:

1. How probable it is that an attribute is strongly associated with position and speed
choices (e.g. "there is a 50% chance that attribute Xis strongly associated —i.e. Cramer’s
V above 0.6 — with choice Y").

2. How close the probability distribution resembles that of a normal distribution (i.e.
how closely the 389 samples distribution matches the normal line).

3. How important the variance in the degree of association is (e.g. a mild slope indicates
a high variance)

Several key observations can be made from figures 5.3 through 5.6:
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Cyclists’ position choice

There is a 50% chance that the distance and direction attributes are moderately asso-
ciated (Cramer’s V above 0.4) with position choice across the samples.

There is a 50% chance that the age attribute is moderately associated (Cramer’s V
above 0.4) with position choice across the samples.

The variance in the degree of association probability of the distance and direction
attributes is more important than for other conflict scenario attributes.

Pedestrians’ position choice

There is about a 50% chance that the direction attribute is strongly associated (Cramer’s
V above 0.6) with position choice across the samples, hence more than for cyclists,
however distance does not seem to be as associated with position choice than for
cyclists.

The context attribute is consistently less associated to position choice than any other
conflict situation attribute (its variance is less important).

There is atleast a 50% chance that the age attribute is moderately associated (Cramer’s
V above 0.4) with position choice across the samples.

Fearing cyclists does not seem to be more associated with position choice than other
opinion statements.

There is a 50% chance that cycling frequency is moderately associated (Cramer’s V
above 0.4) with position choice, more than for cyclists’ position choice.

Cyclists’ speed choice

There is a 50% chance that the distance and context attributes are moderately associ-
ated (Cramer’s V above 0.4) with speed choice across the samples. This makes sense
if, for example, we consider that the rushing to train level of the context attribute
is a disincentive to slow down. The direction attribute is less associated with speed
choice (25% chance of Cramer’s V above 0.4) than with position choice (50% chance
of Cramer’s V above 0.4)

There is atleast a 50% chance that the age attribute is moderately associated (Cramer’s
V above 0.4) with speed choice across the samples.

There is atleast a 50% chance that cycling frequency is moderately associated (Cramer’s
V above 0.4) with speed choice.

Pedestrians’ speed choice

There is about a 50% chance that the distance, direction and context attributes are
moderately associated (Cramer’s V above 0.4) with speed choice across the samples.

There is atleast a 50% chance that the age attribute is moderately associated (Cramer’s
V above 0.4) with speed choice across the samples.
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* The variance in the degree of association probability of the age attribute is more im-
portant than for other personal characteristics attributes.

* Thereis atleasta50% chance that cycling frequency is moderately associated (Cramer’s
V above 0.4) with speed choice, more than for cyclists’ speed choice.

* There is at least a 50% chance that the respondents’ main mode of transportation to
work/school, for shopping, or to reach public transportation is moderately associ-
ated (Cramer’s V above 0.4) with speed choice.
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5.3.2. Generalisation of the findings

Although some attributes were found to be moderately to strongly associated with position
and speed choices of pedestrians (more specifically: distance, direction, age, context, cy-
cling frequency), it was also observed that the variance in the degree of association is quite
important, which means that depending on the sample, the degree of association of those
attributes with position and speed choices can be much lower or much higher. This would
indicate that one may not be able to generalise the findings presented in the subsection
above to the overall population of respondents. This would signify that panel effects, or
within-subject effects, are significant.

Population and sample distributions and means

To explore this last assertion, histograms are built to gain insight on the shape of the dis-
tribution of the respondents’ sensitivity to each variable (Cramer’s V). To that end, the
Freedman-Diaconis rule is used to calculate the histogram bin width for each variable. The
resulting number of bins is set to:

max—min
~ 2xIQRx n~1/3

(5.3)
where:

max is the maximum value in the dataset
min is the minimum value in the dataset
IQR is the inter-quartile range of the dataset

n is the number of observations

Figures 5.7 through 5.10 show the resulting histograms. In each histogram, the red and
green vertical lines represent population mean and combined-samples mean, respectively.
If the distribution approaches the normal distribution, and if the means are relatively close,
this indicates that one may be able to generalise the findings to the population, and vice
versa.

The first observation that can be made from figures 5.7 through 5.10 is the notable dis-
crepancy between population (red line) and combined-samples (green) means across all
attributes, with the exception of distance, direction (for both position and speed choices),
and context (for speed choices only), suggesting panel effects may be significant.

Moreover, one can effectively see that most distributions approach a normal distribu-
tion, although at times positively skewed (which can also be observed, although less obvi-
ous, as the departures from the dotted normal lines in figures 5.3 through 5.6). This means
that a t-test is well suited to run hypothesis testing to assess panel effects significance, since
this type of tests assumes a normal distribution.
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Hypothesis testing

T-tests are carried out to assess panel effects for each attribute with respect to each mode’s
position and speed choices. This is done by comparing the samples’ mean Cramer’s V
measures to those of the population. In total, 88 t-tests were performed (4 choices x 22
attributes).

The test rejected the null hypothesis (i.e. "The panel effects are not significant (no
within-subject correlation hence all choices are independent from one another)") in all
88 cases, at both 95% and 90% levels. P-values were close to 0, meaning that panel effects
are statistically significant.

5.4. Collision avoidance manoeuvres

Although no attribute was found to be statistically significantly correlated to cyclists and
pedestrians’ position and speed choices through the survey, it is worth delving more into
those that were found to have a strong association with the respondents’ choices and whose
population and sample means were relatively close (distance and direction) to better un-
derstand the impact of attribute level on collision avoidance manoeuvring. Furthermore,
similar in-depth analysis can be carried out for those attributes whose impact in the survey
strongly differed from the field observations (eye contact and group size).

5.4.1. Distance

It was found earlier that the distance attribute is highly associated to the position choices of
cyclists and pedestrians. Figures 5.11 and 5.12 show how a change in the distance attribute
level (close vs. far, i.e. the conflict being imminent or latent) affects respondents’ position
choices given their travel mode.

The impact of the distance attribute on position choices can be summarised as follows:

* No matter the conflict point distance, cyclists almost always choose not to go straight
(in 95.6% and 90.4% of the close and far cases, respectively), confirming the field ob-
servation that cyclists prioritise position change over speed change to keep their mo-
mentum.

 Cyclists seem to anticipate — and therefore avoid — conflicts more often than pedestri-
ans, since 90.4% of them make a position change when the conflict is far, as opposed
to 58% of pedestrians in the same situation.

* Itis also interesting to see that as the conflict gets closer, the common traffic rule of
passing oncoming traffic to the right is applied by a majority of cyclists (56% of them
choose to go right in that case), whereas pedestrians tend to have no clear rule: 33%
choose to go right, 46% choose to go left.
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Figure 5.11: Cyclists’ position choices and their changes with respect to conflict distance (n=1556)
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Figure 5.12: Pedestrians’ position choices and their changes with respect to conflict distance (n=1556)



58

It was also found that the distance attribute is consistently associated to the speed
choices of both cyclists and pedestrians in all scenarios. Figures 5.13 and 5.14 show how
a change in the distance attribute level (close vs. far, i.e. the conflict being imminent or
latent) affects respondents’ speed choices given their travel mode.

The impact of the distance attribute on speed choices can be summarised as follows:

* Both cyclists and pedestrians seem not to alter their speed when a conflict is located
far enough from them - 62% and 78% of cyclists and pedestrians, respectively, choose
to maintain their current speed in that case

* Both cyclists and pedestrians tend to slow down when the conflict becomes immi-
nent (close), although cyclists seem to be the ones making the most cautious effort
to avoid the conflict - 56% of cyclists choose to slow down in that case, whereas the
majority of pedestrians (55%) keep their current speed.

* Cautious behaviour amongst cyclists seems to be an inherent constant for 25% of
them (slowing down no matter the conflict’s distance).
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Figure 5.13: Cyclists’ speed choices and their changes with respect to conflict distance (n=1556)
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Figure 5.14: Pedestrians’ speed choices and their changes with respect to conflict distance (n=1556)
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5.4.2. Direction

While conflict distance seems to be mostly associated with speed choice for both modes,
direction seems to primarily influence position choice. Figures 5.15 and 5.16 show how a
change in the direction attribute level (facing vs. crossing) affects respondents’ position
choices given their travel mode.

The impact of the direction attribute on position choices can be summarised as follows:

* As a general rule, both cyclists and pedestrians seem to clearly apply the common
traffic rule of passing opposing, facing traffic to the right (60% and 49%, respectively).

* Pedestrians seem to leave the task of avoiding more complex conflicts —i.e. a conflict
where the trajectories are crossing — to cyclists: in those cases, 87% of cyclists make
a position change, while the majority of pedestrians (51%) choose to keep a straight
trajectory.



61

FACING CROSSING
| go left | go left
(35 %) (63 %)
.7 %) (13 %)

O

| go right
(24 %)

I go right
(60 %)

'
I
I
I
I
I
I
| y
| go straight ° ‘ | O | go straight
I
I
I
I
I
I
I
I

%

Figure 5.15: Cyclists’ position choices and their changes with respect to conflict direction (n=1556)
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Figure 5.16: Pedestrians’ position choices and their changes with respect to conflict direction (n=1556)



62

This last observation is confirmed when looking at the cyclists and pedestrians’ speed
choices with respect to a change in conflict direction in greater detail (Figures 5.17 and 5.18.

One can effectively see that:

¢ Cyclists carry more of the conflict avoidance task burden than pedestrians: they choose
to lose their momentum in 48% of conflicts with crossing trajectories, as opposed to
pedestrians, who simply maintain their speed no matter the conflict’s direction.



63

FACING CROSSING

| accelerate
(15 %)

| accelerate
4.9 %)

I
I
I
° O
I
I
I
| keep my current sgp l eep my current speed
(56 %) [ 37 %)
I
I
|
I
I
I
I slow down l | slow down
(40 %) | (48 %)
0 20 40 60 80 100

%

Figure 5.17: Cyclists’ speed choices and their changes with respect to conflict direction (n=1556)
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Figure 5.18: Pedestrians’ speed choices and their changes with respect to conflict direction (n=1556)
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5.4.3. Eye contact and group size

When observing and interviewing cyclists and pedestrians in the field, it was found that
eye contact and group size had strong effects on conflict avoidance behaviour, mostly with
respect to speed (section 4.2). However, the online survey did not seem to capture those
real-world observations in an effective way, as can be seen in Figures 5.19, 5.20, 5.21, 5.22,
5.23, 5.24, 5.25 and 5.26: note the similar proportions of each possible choice for either
attribute levels, and the lack of choice changes between such levels (as seen with the "hor-
izontal connectors" throughout all the figures).
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Figure 5.19: Cyclists’ position choices and their changes with respect to the presence of eye contact (n=1556)
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Figure 5.20: Pedestrians’ position choices and their changes with respect to the presence of eye contact
(n=1556)
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Figure 5.21: Cyclists’ speed choices and their changes with respect to the presence of eye contact (n=1556)
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Figure 5.22: Pedestrians’ speed choices and their changes with respect to the presence of eye contact (n=1556)
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Figure 5.23: Cyclists’ position choices and their changes with respect to conflicting group size (n=1556)
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Figure 5.24: Pedestrians’ position choices and their changes with respect to conflicting group size (n=1556)
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Figure 5.25: Cyclists’ speed choices and their changes with respect to conflicting group size (n=1556)

SINGLE PERSON GROUP OF 3 PEOPLE

| accelerate
(9.7 %)

| accelerate
(7.3 %)

!
|
|
|
I
|
|
|
| keep my current gpeed | I ki my current speed
(67 %) | (58 %)
|
|
|
|
I
|
|
|

O

I slow down
25 %)

O

| slow down
(32 %)

Figure 5.26: Pedestrians’ speed choices and their changes with respect to conflicting group size (n=1556)



Discussion of findings

In this chapter, the findings from the survey results analysis are interpreted in an attempt
to close the discussion on the extent to which situational and personal attributes impact
collision avoidance behaviour of pedestrians and cyclists, described in terms of speed and
position changes, in shared spaces.

First, the influence of the attributes most associated with speed and position choices
are discussed (section 6.1). The survey method is then criticised in light of the panel effects
found in the data (section 6.2). Finally, behavioural hypotheses are derived from the results
(section 6.3), since no strong conclusions can be ascertained due to the panel effects.

6.1. Influence of attributes on collision avoidance behaviour

Visual cues and context, as depicted and specified in the survey images, do not seem to
be more associated with choice than personal, experience, and opinion variables, with the
notable exception of direction and distance for cyclists’ position choice and direction for
pedestrians’ position choice. Context and distance are consistently the scenario variables
the most associated with speed choice for both modes.

Eye contact and group size, which were attributes that played a major role during the
field observation in Amsterdam, do not stand out as most influential situation attributes in
determining choice through the survey. The first reason that could explain the discrepancy
between observed behaviour and the survey results is that both eye contact and group size
are attributes that are processed physiologically rather than rationally, meaning that the
simple depiction of eye contact and group size in an image does not trigger the physiologi-
cal processes that would affect behaviour effectively in real life. This would imply that those
attributes are not analysed, rationalised in a similar way than conflicting trajectory direc-
tion or distance to conflict, while in the survey the respondents were forced to rationalise
their behaviour.

Another, less plausible explanation is that the observed position and speed changes
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that seemed to be caused by eye contact (or lack thereof) and the presence of a group of
individuals could be due to other, unobserved attributes than those two. In other words,
the assumption that eye contact and group size affect collision avoidance behaviour may
simply be wrong —i.e a type Il error, where the hypothesis that those two attributes had an
effect on collision avoidance behaviour was falsely retained in the first place. As a result,
those two attributes were tested in the survey, while they may in fact have little to no effect
on behaviour in reality.

Personal, experience, and opinion attributes correlate with choice in similar ways to vi-
sual and contextual cues, confirming that the choices are not purely visual-based nor ran-
dom, but rather subconscious and based on personal experience. Cycling frequency is even
consistently more associated with any choice than eye contact or group size. Finally, age is
the personal characteristics that stands out and that seems to play an important role — yet
not significant for modelling purposes — in determining both position and speed choices
for both modes.

All in all, few differences are observed between cyclists’ and pedestrians’ choices, es-
pecially in the case of speed choice. Direction, distance, and context to a lesser extent, are
the most influential situational choice determinants. Age, on the other hand, is influential
to the same degree over all choices, suggesting it may be used to explain the panel effect
significance, and therefore as a nesting variable for further modelling efforts. Note that gen-
der, which was found to introduce rather evident bias in the data, was found to be (one of)
the personal variable least associated with any choice, indicating that gender bias seems
not to impact collision avoidance manoeuvring.

6.2. Validity of the survey method

The observed choices are not random, otherwise all attributes would have had low and
similar degrees of association with the choice variable, and follow a uniform distribution.
Choices are not unanimous either, as the normal-like distribution of the random samples
suggest. However, the behaviour of the population cannot be modelled using the response
dataset as a whole, as the differences in means shown in the histograms are significantly
different for all variables, as the t-test and the extremely low p-values proved. There are
therefore strong panel effects. Because strong panel effects are at play, this means that es-
timating a log-linear model for each of the 4 choices —i.e. position and speed choices as a
cyclist or pedestrian - is unfeasible. To attempt understanding the panel effect, it is worth
examining the impact that the survey method itself may have had on the respondents’ an-
Swers.

The survey was specifically designed to simplify statistical analysis yet yield accurate
results, which means that only a few attributes were introduced in the survey images — to
limit the number of questions — and their levels were clearly differentiated in the images.
Each image in the survey was therefore lacking resemblance with reality, and missing com-
plementary information — such as sound, physical contact with other people, temperature,
respondent’s height, etc. — that would typically be processed, be it consciously or subcon-
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sciously, by an individual when trying to avoid a collision. Respondents may therefore have
answered in two ways: by solely relying on the presented situation, meaning they gave an
answer to a situation that is not fully realistic, or by imagining those attributes that were
not presented, meaning they introduced a constant, personal bias in their answers. This
last possibility may be an explanation to the strong panel effects observed via the t-tests.

6.3. Behavioural hypotheses

Although one cannot ascertain whether these are true because of statistically insignifi-
cant associations between the tested attributes and the respondents’ choices, several be-
havioural hypotheses can be formulated, and may be worth investigating in future research.

Cycling frequency impacts pedestrian collision avoidance behaviour

It was indeed found that cycling frequency had a 50% chance of being moderately asso-
ciated to both speed and position choices of pedestrians, a stronger degree of association
than for cyclists’ choices. This may therefore indicate that cycling experience affects the
way individuals react to other cyclists. In other words, individuals who cycle may be better
at reacting to cyclists than individuals who do not cycle, simply because they may be able
to project themselves, and therefore the manoeuvres they would use, on cyclists whose
trajectory conflicts with theirs.

Exposure to traffic impacts pedestrian collision avoidance behaviour

It was found that there is at least a 50% chance that mode choice for common destinations
(work/school, shopping, reaching public transit) is moderately associated to pedestrian
speed choice. This may indicate that mode choice for everyday transportation tasks has
some impact on the walking experience. If one pushes the reasoning a bit further, it could
be hypothesised that the differences in the selected mode of transportation for everyday
tasks exposes individuals to different situations which, put together, builds knowledge (or
lack thereof) on how to avoid collisions with other users.

Cyclists anticipate conflicts to keep their momentum

It was found that cyclists adjust their position more often than pedestrians when the con-
flict point is distant (90.4% of far conflicts). This seems to be a behaviour particularly spe-
cific to cyclists since, for comparison purposes, only 58% of pedestrians adjusted their po-
sition for distant conflict points. This corroborates the on-site observation in Amsterdam
that keeping momentum is a priority to cyclists.

Subjecting cyclists to motorised traffic rules impacts their behaviour in shared spaces

It was mentioned that as the conflict gets closer, the common traffic rule of passing on-
coming traffic to the right is applied by a majority of cyclists (56%), whereas pedestrians
tend to have no clear rule. It was also found that for 60% of cyclists go right when facing a
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(group of) pedestrian(s) (in comparison, 49% of pedestrians adopted that behaviour when
faced with a (group of) cyclist(s)). Usually, in non-shared space environments, cyclists are
required by law to follow the same traffic rules as motorised vehicles, such as keeping right,
and yielding to traffic coming from the right. It therefore seems that cyclists develop habits
under those traffic rules, and thus behave in similar ways in shared spaces.

Cyclists are expected to make the most effort to avoid a collision

It was already mentioned that cyclists seem to anticipate conflicts more often than pedes-
trians in an effort to keep their momentum. When those conflicts points are closer, how-
ever, cyclists slow down more often than pedestrians (56% of cyclists choose to slow down,
55% of pedestrians keep their current speed). Similarly, when conflicting trajectories are
crossing, 87% of cyclists made a position change and 48% chose to slow down, while pedes-
trians chose to go straight (51%) and maintain their speed in the same situation (64%). This
could be explained by the fact that pedestrians are typically considered the most vulnerable
road users, and traffic rules usually enforce strict priority to pedestrians. Since cyclists are
usually subjected to common motorised traffic rules (see above), pedestrians may expect
cyclists to yield and give way.



Conclusion

This chapter aims to reflect on the survey results and discussion presented in Chapters 5
and 6. In an attempt to answer the research question — What drives the collision avoidance
behaviour of pedestrians and bicyclists in shared spaces? —, key behavioural findings are
summarised, and the methodology adopted in this study is criticised.

7.1. Behavioural findings

A set of situational and personal attributes were tested against pedestrians and cyclists’
position and speed manoeuvre choices to avoid collision with one another in a survey us-
ing statistical analysis. It was found that panel effects were significant, which prevented
continuing the modelling effort using log-linear analysis to unravel the extent to which the
tested attributes impact collision avoidance behaviour (estimation of parameters).

Although none of the attributes were found to be significantly associated with collision
avoidance manoeuvre choice for the entire population, it cannot be ascertained that all
attributes tested are completely irrelevant to collision avoidance behaviour. The research
hinted that this behaviour does not simply rely on visual and contextual cues, as originally
observed in the field study, but also on personal characteristics, experience, and character,
depending on the person, as the variance across sample suggests. This means that collision
avoidance behaviour of each individual may be governed by a rather unique combination
of the attributes studied in this thesis.

Nonetheless, attributes such as distance to conflict, conflicting trajectories direction,
context of the situation, as well as the person’s age, were found to be more associated
with collision avoidance manoeuvre choice for both cyclists and pedestrians than other
attributes. All in all, we can formulate the following behavioural hypotheses:
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1. Cyclists anticipate conflicts to keep their momentum

2. Subjecting cyclists to motorised traffic rules impacts their behaviour in shared spaces
3. Cyclists are expected to make the most effort to avoid a collision

4. Cycling frequency amongst pedestrians impacts their collision avoidance behaviour

5. Exposure to traffic impacts pedestrian collision avoidance behaviour

Furthermore, descriptive analysis of the respondents’ characteristics, personality, and
transportation life outlined different habits (cycling frequency, main mode to reach cer-
tain destinations, etc.) and experiences (late cycling learner, traffic license ownership, etc.)
found in different cultural backgrounds (European and North American). It was also found
in the degree of association analysis that these background factors seem as significant as
visual conflict attributes. This suggests that an individual’s collision avoidance behaviour
is the result of the use of a set of skills, rules, knowledge, and experiences acquired through-
out their lifetime.

Finally, as explained in chapter 3, Rasmussen [Rasmussen, 1983] classifies behaviour
as either skill-, rule-, or knowledge-based. It posits that walking and bicycling are skill-
based behaviour, meaning it is rather automatic behaviour that cannot be self-reported.
The somewhat mixed results from this research, where none of the attributes were found
to be significantly associated with collision avoidance manoeuvre choice, tend to back up
this theory. However, we found that some attributes were more associated with collision
avoidance manoeuvring behaviour than others - i.e. distance and direction —, while some
attributes that were believed to be strongly associated with that behaviour, such as eye con-
tact and group size, were found to be amongst the least significant via the survey. This
could indicate that while walking and cycling are skill-based behaviour, collision avoidance
is a more complex behaviour resulting from a combination of skill-, rule-, and knowledge-
based processes, as well as physiological processes that cannot be rationalised.

7.2. Recommendations...

In this section, the findings and the methods used in this thesis are reflected upon to draw
recommendations for future research and practitioners.

7.2.1. ... for future research

Through the analysis of the survey results and its findings, this study highlighted the ad-
vantages and limitations of using an online stated-preference survey to assess the collision
avoidance behaviour of cyclists and pedestrians in shared spaces. The choice between a
stated-preference survey and other techniques depend on the eventual field of application
of the findings.
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Validity of using a stated-preference survey

Stated-preference surveys can help gain valuable insight on pedestrians and cyclists’ iden-
tity and experience — which were found to be equally associated with collision avoidance
behaviour than visual cues through the survey — from a large sample. It was indeed shown
throughout this project that collision avoidance behaviour may be the result of subcon-
scious, seemingly rational processes as well as physiological reactions. Such processes
and reactions are difficult to capture and interpret in essence, however this online sur-
vey proved that an SP technique can be effective in doing so, to the extent we were able
to confirm the validity of some hypotheses drawn from on-site observations of real con-
flicts. More practically speaking, distributing an online survey to reach out to cyclists is
much easier than surveying cyclists in the field, simply because it is difficult to ask a cyclist
to stop to fill out a survey.

The questionnaire could however be enhanced to create more realistic situations. This
could take several forms, such as, for example, using videos instead of images, which would
allow to control for sound, conflicting user speed, respondent speed, amongst other at-
tributes that may have introduced bias in the results of this project.

Validity of using other techniques

First of all, as it was mentioned when selecting a stated preference technique for this project,
collision avoidance behaviour may be the result of a combination of subconscious and
physiological processes, hence asking survey respondents to rationalise the behaviour they
would adopt facing certain conflicts may be an ill-defined way to assess the impact of sen-
sory cues and other, more personal attributes.

Direct observations of behaviour by means of revealed-preference techniques would
allow the researcher to effectively record actual behaviour. Revealed behaviour can be
recorded, classified, and analysed using cameras, as shown for example by Beitel et al.
[2017]. Although such a technique may be valuable in assessing the occurrence of cer-
tain conflict types and quantifying position and speed changes (deflection from intended
trajectory and acceleration), it is virtually impossible to acquire knowledge on the impact
of personal, cultural characteristics and experience on behaviour using this technique.

A controlled experiment, in which conflict attributes and attribute levels are controlled
for, would therefore be a good compromise and would enable the researcher to directly
record and observe actual behaviour from participants, and to survey the participants on
their personal background. In such an experimental design, participants would not be in-
formed in advance of what situations they would be subject to (a research team would be in
charge of generating specific conflict situations to test the desired attributes accordingly).
The controlled experiment could potentially allow for more reliable testing of physiological
attributes, such as eye contact and group size. Alternatively, such a controlled experiment
could be carried out using a simulator or virtual reality, depending on the technology avail-
able.
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7.2.2. ... for modellers

The most limiting factor in the analysis of the results was not so much the method em-
ployed to acquire data, but rather the number and nature of the attributes being tested.
This research was rather exploratory, therefore many attributes and many levels (more than
two for most attributes) were introduced in the survey for testing and, coupled with their
categorical nature, they disqualified a number of statistical methods for the analysis from
the get-go.

To maximise the number of statistical methods to be used for analysis, the survey de-
signer should aim at limiting the number of attribute levels to two levels, and attempt to
model these levels in a quantifiable manner (which is not the case for categorical attributes
such as the ones used in this survey). Developing the survey in such a way that the response
is linear could also maximise the number of statistical analysis techniques to choose from,
and would allow for estimating a linear behaviour model in the end, without having to in-
terpret interaction effects between 3 or more attributes (which is what the log-linear anal-
ysis would yield).

The lack of significantly different degrees of associations among the variables tested in
this survey could be explained by the impossibility to depict extreme attribute levels in the
survey images while keeping a simple, comprehensible survey design. It is indeed difficult
to perfectly control the respondents’ interpretation of the images, where some may have
noticed a change in attribute levels while others did not, thus introducing a bias that can-
not be measured and accounted for in the statistical analysis. An enhanced design would
aim at presenting more extreme cases to the respondents, to significantly impact respon-
dents’ choices. This would generate more variance, and therefore more power in estimating
parameters should a collision avoidance behaviour model be developed.

7.2.3. ... for practitioners

The premise of this thesis was that little is known on the ability of pedestrians and cyclists
to share a unique space in a safe way. This lack of knowledge is often the reason advanced
against the creation of shared spaces for pedestrians and cyclists, or the opening of pedes-
trian streets or malls to cyclists.

This project showed that the collision avoidance behaviour of pedestrians and cyclists
with one-another is rather complex, but not random. This very fact means that in shared
spaces pedestrians and cyclists do follow logical reasoning, be it subconscious or con-
scious, as is the case in more standard traffic environments where traffic rules may apply.
It would be a misconception to think of shared space behaviour as being of a completely
different nature than in standard traffic environments, simply because shared spaces users
are also users of standard traffic environments; they therefore carry their experience and
training baggage, and use it to manoeuvre safely, everywhere.

Shared spaces would therefore not be a hazardous concept because people would not
know how to behave in such places, but rather because of a lack of appropriate design
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principles. What this research implies is that shared space users are not the direct cause
of their unsafety, but are rather the vector of of an unsafe design. Designing shared spaces
can effectively be tricky, for the research in this field is limited and our understanding of the
human brain can only be achieved so much. However, in view of the results of this project,
three basic design principles are recommended:

1. Get to know the users: identify who they are, where they come from, what their trans-
port experience is, etc. to assess whether a shared space design is appropriate for a
specific site.

2. Enhance the visibility of others: pedestrians, and more specifically cyclists, anticipate
conflicts and adjust their trajectories as such to avoid conflicts. Increased visibility of
the other users makes sure everyone can anticipate each other’s trajectory and safely
manoeuvre through the space.

3. Promote walking and cycling throughout: cycling frequency, but also exposure to
conflicts between pedestrians and cyclists builds experience. Everyone learns from
experience, be it good or bad, and uses the lessons learned to manoeuvre and avoid
other conflicts later on. The more pedestrians and cyclists interact, the more expe-
rienced pedestrians and cyclists will be, and the safer they will interact with one an-
other.
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Collision avoidance behaviour - Pilot

Hello!

You received this link as part of my thesis research. Thank you for taking the time to answer this pilot
survey, as it will tremendously help me to improve it for the final survey.

You will be prompted with 28 questions relating ions involving cyclists and pedestrians. | know
it's alot but don't wory, they are very fast to answer. With your help, | am aiming at cutting down that
number of questions for the final survey.

There will also be some general background questions and a feedback section at the end of the survey
for me to know what | can do better.

Thank you!

*Required

Instructions

In the questions that follow, you will have to pick a course of action from the perspective of a

pedestrian or a cyclist (you will be given some context information at the beginning of each section

of the survey). For all questions, your intended path is the following:

... you are facing this cyclist: *

!

8= 2 b i L)

You are walking alone and...

... you are facing these cyclists: *

O raccelerate

O 1slow down
O 1stop
O | step aside

O 1 don't do anything

O raccelerate

O 1slow down
O 1stop
O | step aside

O 1 don'tdo anyting
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... you are facing these cyclists: * ... you are facing these cyclists: *

O laccelerate O accelerate

O | slow down O | slow down

O | stop O | stop

O | step aside O | step aside

O I don't do anyting O I don't do anyting

You are shopping with friends walking and...

... you are facing this cyclist: * ... you are facing this cyclist: *

O raccelerate O raccelerate
O 1slow down O 1slow down
O 1stop O 1stop

O | step aside O | step aside

O 1 don't do anything O 1 don't do anything



... you are facing these cyclists: * ... you are facing these cyclists: *

O accelerate O accelerate

O | slow down O | slow down

O | stop O I stop

O | step aside O | step aside

O I don't do anyting O I don't do anyting

... you are facing these cyclists: * ... you are facing these cyclists: *

O raccelerate O raccelerate

O 1slow down O 1slow down

O 1stop O 1stop

O | step aside O | step aside

O 1 don'tdo anyting O 1 don'tdo anyting

You are rushing to work walking and...



... you are facing this cyclist: * ... you are facing these cyclists: *

O laccelerate O laccelerate

O | slow down O | slow down

O | stop O | stop

O | step aside O | step aside

O I don't do anything O I don't do anything

... you are facing these cyclists: * ... you are facing these cyclists: *

O raccelerate O raccelerate

O 1slow down O 1slow down

O 1stop O 1stop

O | step aside O | step aside

O 1 dontdo anyting O 1 dontdo anyting

You are biking alone and...



... you are facing this pedestrian: * ... you are facing these pedestrians: *

O accelerate O accelerate

O | slow down O | slow down

O I stop O I stop

O Iswerve aside O Iswerve aside

O I don't do anything O I don't do anything

... you are facing these pedestrians: * ... you are facing these pedestrians: *

O raccelerate O raccelerate

O 1slow down O 1slow down

O 1stop O 1stop

O 1swerve aside O 1swerve aside
O 1 don'tdo anyting O 1 don'tdo anyting

You are biking with a friend and...



... you are facing this pedestrian: * ... you are facing this pedestrian: *

O Jlaccelerate O laccelerate

O | slow down O | slow down

O | stop O | stop

O 1swerve aside O 1swerve aside

O I don't do anything O I don't do anything

... you are facing these pedestrians: * ... you are facing these pedestrians: *

O raccelerate O raccelerate
O 1slow down O 1slow down
O 1stop O 1stop

O 1swerve aside O 1swerve aside

O 1 don't do anything O 1 dontdo anyting



... you are facing these pedestrians: * ... you are facing these pedestrians: *

O accelerate O Jaccelerate

O | slow down O | slow down

O I stop O I stop

O Iswerve aside O Iswerve aside
O I don't do anyting O I don't do anyting

You are rushing to work biking and...

... you are facing this pedestrian: * ... you are facing these pedestrians: *

O raccelerate O raccelerate
O 1slow down O 1slow down
O 1stop O 1stop

O Iswerve aside O 1swerve aside

O I don't do anything O I don't do anything
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... you are facing these pedestrians: *

O laccelerate
O | slow down
O | stop

O 1swerve aside

O I don't do anyting

Gender *
O Female

O Male

Age *

Your answer

Country of origin *
This helps me assess the impact of cultural background on your choices.

Your answer

City of residence *
This helps me assess the impact of your day-to-day experience on your choices.

Your answer

What situations do you find most challenging as a
pedestrian/cyclist when facing a cyclist/pedestrian?

Your answer

Feedback

Tell me about your experience with answering this survey.

... you are facing these pedestrians: *

O laccelerate
O | slow down
O | stop

O 1swerve aside

O I don't do anyting

Personal information

Clarity of the questions *

1 2 3 4 5

O (¢] O o (¢]

Quality of the images *

1 2 3 4 5

O (o] O o (o]

Relevance of proposed choices *
1 2 3 4 5

O o O (6] o

Comments and suggestions *

How did you feel when answering this survey? Were you able to differentiate the images to some extent?
What other choice would you have selected as a course of action that was missing in the proposed list?
What is the main strength/weakness of the survey in your opinion? Please be as detailed as possible.

Your answer

Page 10f 10 GET LINK

Never submit passwords through Google Forms

“This content is neither created nor endorsed by Google. Report Abuse - Terms of Service - Additional Terms

Google Forms
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INSTRUCTIONS

*Required In the questions that follow, the people you see in the
images are walking or cycling in front of you.

Hello! For each situation, your goal is to avoid a potential

. collision with them. You will therefore have to pick a
course of action from the perspective of a pedestrian or a
cyclist - you will be given some context information at
the beginning of each section of the survey.

This survey is part of my final thesis project to obtain the
degree of MSc. Transport, Infrastructure & Logistics
from TU Delft, The Netherlands.

For all questions, you wish to follow this path:

For several years now, I have been studying, researching,
and developing solutions that promote cycling and
walking through both my work and studies.

Your answers will help me - and hopefully academics
and designers - to better understand and model
interactions between pedestrians and cyclists, and
improve streets design for all.

The survey should take about 9 minutes of your time.

Thank you!

-Quentin Dumont-Freixo

Pre-fill responses, then click ‘Get link Pre-fill responses, then click ‘Get link

| would: *
O swerve left
O swerve right

O keep going straight

you are cycling

...and: *
O accelerate
O slow down

O keep my current speed

The following people are in your way.

What would you do?

s, then click ‘Get link' Pre-fill responses, then click ‘Get link
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I would: *
O swerve left
O swerve right

O keep going straight

...and: *
O accelerate

O slow down

O keep my current speed

Pre-fill responses, then click ‘Get link

I would: *
O swerve left
O swerve right

O keep going straight

...and: *
O accelerate
O slow down

O keep my current speed

Pre-fill responses, then click ‘Get link

I would: *
O swerve left
O swerve right

O keep going straight

...and: *
O accelerate
O slow down

O keep my current speed

Pre-ill respos en click ‘Get link

I would: *
O swerve left
O swerve right

O keep going straight

...and: *
O accelerate
O slow down

O keep my current speed

Pre-ill respo then click ‘Get link
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I would: *
O swerve left
O swerve right

O keep going straight

...and: *
O accelerate

O slow down

O keep my current speed

I'would: *
O swerve left
O swerve right

O keep going straight

...and: *
O accelerate
O slow down

O keep my current speed

Pre-fill responses, then click ‘Get link

Pre-fill responses, then click ‘Get link’

I would: *
O swerve left
O swerve right

O keep going straight

...and: *
O accelerate
O slow down

O keep my current speed

Pre-ill res|

nses, then click ‘Get link

I would: *
O swerve left
O swerve right

O keep going straight

...and: *
O accelerate
O slow down

O keep my current speed

Pre-fill responses, then click ‘Get link’
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I would: *
O swerve left
O swerve right

O keep going straight

...and: *
O accelerate

O slow down

O keep my current speed

I would: *
O swerve left
O swerve right

O keep going straight

...and: *
O accelerate
O slow down

O keep my current speed

en click ‘Get link'

en click ‘Get link

Pre-fill esp

I would: *
O swerve left
O swerve right

O keep going straight

...and: *
O accelerate
O slow down

O keep my current speed

you are cycling
with a group of friends

Pre-fil responses, then click ‘Get link

The following people are in your way.

What would you do?

I would: *

O swerve left
O swerve right

O keep going straight

...and: *
O accelerate

O slow down
Ol mis mrivoant amand

Pre-fill responses, then click ‘Get link
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Pre-fillresp

I'would: *
O swerve left
O swerve right

O keep going straight

...and: *
O accelerate
O slow down

O keep my current speed

I'would: *
O swerve left
O swerve right

O keep going straight

...and: *
O accelerate
O slow down

O keep my current speed

Pre-fill responses, then click ‘Get link

I would: *

O swerve left
O swerve right

O keep going straight

...and: *
O accelerate
O slow down

O keep my current speed

Pre-fill responses, then click ‘et link

you are cycling

and rushing
to catch a train

The following people are in your way.

What would you do?

Pre-fill responses, then click ‘et link
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I would: *
O swerve left
O swerve right

O keep going straight

...and: *
O accelerate

O slow down

O keep my current speed

I would: *
O swerve left
O swerve right

O keep going straight

...and: *
O accelerate
O slow down

O keep my current speed

Pre-fill responses, then click ‘Get link

Pre-fill responses, then click ‘Get link

I would: *
O swerve left
O swerve right

O keep going straight

...and: *
O accelerate
O slow down

O keep my current speed

Pre-ill respos

en click ‘Get link'

I would: *
O swerve left
O swerve right

O keep going straight

...and: *
O accelerate
O slow down

O keep my current speed

you are walking

Pre-ill respo then click ‘Get link
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The following people are in your way.

‘What would you do?

I'would: *
O step to the left
O step to the right

O keep going straight

...and: *
O accelerate
O slow down

.

Pre-fill

I'would: *
O step to the left
O step to the right

O keep going straight

...and: *
O accelerate
O slow down

O keep my current speed

lick ‘Get link' Pre-fill responses, then click ‘Get link’

I would: *
O steptothe left
O step to the right

O keep going straight

...and: *
O accelerate
O slow down

O keep my current speed

Pre-ill res|

nses, then click ‘Get link

|
7 o

4 ([ ‘., e
= ;

I would: *
O steptothe left
O step to the right

O keep going straight

...and: *
O accelerate
O slow down

O keep my current speed

Pre-fill responses, then click ‘Get link’




I would: *
O step to the left
O step to the right

O keep going straight

...and: *
O accelerate
O slow down

O keep my current speed

then click ‘Get link'

Pre-ill res|

I would: *
O step to the left
O step to the right

O keep going straight

...and: *
O accelerate
O slow down

O keep my current speed

then click ‘Get link'

I would: *
O steptothe left
O step to the right

O keep going straight

...and: *
O accelerate
O slow down

O keep my current speed

Pre-fill respo

en click ‘Get link'

Pre-fill respos

I would: *
O steptothe left
O step to the right

O keep going straight

...and: *
O accelerate
O slow down

O keep my current speed

then click ‘Get link
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Pre-fill respon:

I'would: *
O step to the left
O step to the right

O keep going straight

...and: *
O accelerate
O slow down

O keep my current speed

n click 'Get link

Pre-fill respon:

I'would: *
O step to the left
O step to the right

O keep going straight

...and: *
O accelerate
O slow down

O keep my current speed

n click ‘Get link’

I would: *
O steptothe left
O step to the right

O keep going straight

...and: *
O accelerate
O slow down

O keep my current speed

Pre-illresp

hen click ‘Get link

I would: *
O steptothe left
O step to the right

O keep going straight

...and: *
O accelerate
O slow down

O keep my current speed

hen click ‘Get link'

Pre-ill resp
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you are walking
with a group of friends

The following people are in your way.

What would you do?

Pre-i hen click ‘Get link

efill res|

I would: *
O step to the left
O step to the right

O keep going straight

...and: *
O accelerate

O slow down

O keep my current speed

en click ‘Get link

I would: *
O step to the left
O stepto the right

O keep going straight

...and: *
O accelerate
O slow down

O keep my current speed

I would: *
O step to the left
O stepto the right

O keep going straight

...and: *
O accelerate
O slow down

O keep my current speed

Pre-fil responses, then click ‘Get link F

re-fill responses, then click ‘Get link
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I would: *
The following people are in your way.

O steptothe left What would you do?
O stepto theright

O keep going straight

...and: *
O accelerate l
O  slow down \ # H | i |

O keep my current speed o A ’ d i ' “

you are walking

O steptothe left

and rushing S
to catch a train

...and: *
O accelerate

O  slow down
o

Pre-fill responses, then click ‘Get link Pre-fill res| ‘Getlink

I would: * I'would: *

O steptothe left O steptothe left

O step to the right O step to the right

O keep going straight O keep going straight
...and: * ...and: *

O accelerate O accelerate

O slow down O slow down

O keep my current speed O keep my current speed

Pre-ill nses, then click ‘Get link Pre-fill responses, then click ‘et link
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I would: *
O step to the left
O step to the right

O keep going straight

...and: *
O accelerate
O slow down

O keep my current speed

then click ‘Get link'

YOUR TRANSPORT LIFE

Generally speaking, do you agree with the following statements? *

Notatall Sometimes Usually Totally
“Itend to follow the
les” 0] O o (6]
| am more risk-
taking than the
average person"

"The faster the
better"

“Crowds make me
feel nervous”

“I am confident in
my bicycle riding
skills”

| am scared of
bicycles"

“I believe cyclists
should be allowed
to bike in

pedestrian areas”

O O 0 OO O
O O 0 O O O
O O O OO0 O
O O O OO0 O

At what age did you learn how to ride a bike? *
If you don't remember exactly when, an approximation is enough.

Your answer

s, then click ‘Get link

As a child, did you receive any traffic education? *

Typically through school on topics such traffic rules, responsibility, safety, etc.

O Yes
O No

Do you own a driving license? *
O Yes
O No

What is your main mode of transportation to reach the following
places? *

Public
transport

work/university O O (e}

Walking Biking Car Other

the supermarket

shopping area

the train
station/bus
terminal

o O O
O O O O

O (0]
) (0]
O o

o O O

Do you have access to a bike? *
[ 1have my own bike(s).
D I have a subscription to a bike sharing system.

D | can easily borrow the bike of a friend or relative.

[J other:

Pre-fill responses, then click ‘Get link

On average, how often do you use a bike? *
O Daily

O Acouple times a week

O A couple times a month

O Less than once a month

O Never

When did you last use a bicycle for the following purposes? *

Idon'tuse
<lweek <1month <3months >3 months
Today the bike for
ago ago ago e
Going to
work/university 0] O O o 0]
Shopping/running
errands
Visiting

friends/family

Reaching public
transportation

Tourism

O
O
)
)
O
O

O O O O O
O O O O O
O O O O O
O O O O O
O O O O O

Sports

What type of places or streets do you try to avoid when cycling?

Your answer

What type of places or streets do you try to avoid when walking?

Your answer

Il responses, then click ‘Get link







Final survey respondents’ portrait

C.1. Sample characteristics

C.1.1. Age and gender distribution

The average respondent is 34.9 years old, 55.3% male (Figure C.1). The age distribution
appears to be skewed towards young respondents, mostly due to the social network of this
thesis’ author, as expected.

>710yo I
60-70 yo .-
50 -60 yo --

10 - 20 yo Il
100 9 8 70 60 50 40 30 20 10 0 10 20 30 40 5 60 70 80 90 100

Bfemale ®male

Figure C.1: Age and gender distribution of the survey respondents

C.1.2. Main mode of transportation

When asked about their main mode of transportation to reach very common destinations
of everyday life, the survey respondents answered in over 60% of the cases that they use
their bicycles, their feet, or public transportation (all categories). Figure C.2 more specifi-
cally shows the transportation habits of the respondents to go to work or university/school,
to go shopping, to reach a public transportation stop or station, and to do groceries. An

103
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overwhelming majority of respondents use the bicycle or walk for the former three desti-
nations, most certainly due to the social network of this thesis’ author, once again.

work/university
shopping

public transportation hub

groceries |

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Bcycling ®walking ®publictransportation “car Sother

Figure C.2: Main mode of transportation used by the survey respondents to reach common destinations

C.1.3. Access to bicycling

Overall, 90% of the survey respondents owns a bicycle, 18% have a bicycle sharing pro-
gramme subscription, and 12% can easily borrow the bicycle of a friend, relative, or neigh-
bour. While 2.6% of respondents fell into all three categories, 4.1% stated that they have
virtually no access to a bicycle.

C.1.4. Cycling frequency

Figure C.3 depicts how often the respondents stated that they cycle, with a majority stating
that they cycle on a daily basis (55.5%).

5.7%

55.5%

W daily ®couple timesa week ®couple timesa month “lessthan once amonth ®never

Figure C.3: Cycling frequency of survey respondents

C.2. Traffic experience

C.2.1. Learning how to cycle

More than 90% of respondents learned to ride a bicycle before 10 years old, of which about
35% have acquired that skill before age 5 (Figure C.4)
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E<5y0 ®W5-10yo 10-18yo 15-20yo ®>20yo

Figure C.4: Distribution of how early the survey respondents have acquired cycling skills

Interestingly enough, those who ride their bicycle frequently have learned how to ride
a bicycle at a younger age than those who do not use that mode of transportation often
(Figure C.5).

daily

couple times a week _

couple times amonth

less than once a month

never _

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

B<5yo ®W5-10yo 10-18yo 15-20yo ®>20yo

Figure C.5: Impact of acquiring cycling skills at an early age on cycling frequency

C.2.2, Driving license ownership

91.5% of respondents have a driving license. License ownership seems to be positively cor-
related to cycling frequency (Figure C.6). This may be an indication that cycling frequency
relies on knowing the rules of the road. For example, one may be more prone to cycle if
they know about and are trained and experienced with signage, way-finding, yielding rules,
making eye contact, etc.

C.2.3. Traffic education

77.1% of respondents have received traffic education as part of their school curriculum
(Figure C.7).

C.3. Opinion

Figure C.8 shows the level of agreement of the respondents with several statements regard-
ing crowd density, speed, risk-taking behaviour, shared space, etc. The majority of the re-
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daily

couple times a week

couple times a month

less than once a month

never

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Mlicense Hno license

Figure C.6: Relation between driving license ownership and cycling frequency

Mtrafficed Mno trafficed

Figure C.7: Share of respondents who have received traffic education

spondents tends to be rather cautious, respectful of rules, self-confident, and not intimi-
dated by bicycles as a pedestrian. The sample is however split on the question regarding
mixing bicycles and pedestrians.

Itendto follow the rules _
I am more risk-taking than the average person _
The faster the better _
Crowds make me feel nervous _
I am confidentinmy bicycle riding skills _

I am scared of bicycles I

I believe cyclists should be allowed to bike in pedestrian areas _
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Htotally Msomewhatagree somewhat disagree not at all

Figure C.8: Level of agreement with various statements

Interestingly enough, self-confidence in cycling skills is greater when cycling skills are
learned at an earlier age (Figure C.9).

Self-confidence in cycling skills seems to boost the average cycling frequency of respon-
dents (Figure C.10), although cycling frequency may also help gaining confidence.
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totally agree
somewhat agree

somewhat disagree

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

not at all

E<5yo ®5-10yo 10-15yo 15-20yo ®>20yo

Figure C.9: Impact of acquiring cycling skills at an early age on the level of agreement with the statement "I
am confident in my cycling skills"

daily

couple times a week
couple times a month
less than once a month

never

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Htotally Wsomewhatagree somewhat disagree not at all

Figure C.10: Relation between cycling frequency and the level of agreement with the statement "I am confi-
dent in my cycling skills"

C.4. Bias

As for every stated-preference survey, there exists a response bias, i.e. a discrepancy be-
tween what respondents self-report and what their actions would be in reality. In theory,
this type of bias could be explored and measured using both stated and revealed preference
information from the same sample of respondents, however this is not the case here.

Bias in the answers can also be due to the survey questions formulation, which was ad-
dressed here by developing a balanced survey design in the first place (i.e. each respondent
is confronted an equal amount of times with all attribute levels).

Finally, social and cultural backgrounds, age, and experience may also affect one’s an-
swers. This is in fact part of the research carried out here, aiming at unravelling the factors,
be they visual, personal, social, etc., that influence collision avoidance behaviour. More
specifically, it is often found in the scientific literature that age, gender, and country of
origin — and subsequent intersectional associations — significantly explain the variance in
answers. This section therefore aims at identifying the extent of three typical biases in the
sample population.
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C.4.1. Age bias

At least 80% of people aged between 30 and 50 years old stated that they use their bicycle
several times a week (Figure C.11). This group is the most active, with 64.7% of the respon-
dents in the 30-40 age group stating that they bike on a daily basis. The younger and older
generations tend to cycle less often, although the bicycle is used several times a week by at
least 60% of all respondents.

>70yo
60 -70 yo
50-60 yo
40-50 yo
30-40 yo

20-30yo

10-20 yo

1)

®

10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

M daily Mcouple timesa week M couple timesa month ¥ less than once amonth Enever

Figure C.11: Ageing impact on cycling frequency

There also seems to be no clear trend in contrasting the respondents’ age with the age
at which they stated they learned how to ride a bicycle. This goes against the belief that
older generations have learned how to cycle at an earlier age than the younger generations.

>170yo
60 - 70 yo
50 - 60 yo

40 -850 yo

30-40yo

20-30yo

10-20yo

o
°
R

10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

m<5yo W5-10yo ®10-15yo "15-20y0 ™>20yo

Figure C.12: Generational impact on acquiring cycling skills

As a result of the step-wise implementation of traffic education and road safety pro-
grammes in schools since the mid-1950s, a growing share of children and teenagers are
learning about traffic rules and best behaviour. This is well illustrated in Figure C.13.

C.4.2. Gender bias

Gender is often researched in behavioural and sociological studies; it is not regarded as a
determinant for behaviour, but rather as an indicator of how culture and education shapes
the perception, behaviour and beliefs of and towards men and women in society.

Figure C.14 shows the structure of bicycle access for both female and male respondents.
Overall, 85.1% of women stated that they own a bicycle (with or without an extra possibility
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0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Mtrafficed Mno trafficed

Figure C.13: Traffic education efforts through generations of children

to share and/or borrow one), to be contrasted with 94.4% of men. Interestingly enough,
men tend to subscribe to bicycle sharing programmes more than women (23.3% vs. 11.5%,
respectively). On the other hand, women borrow a bicycle from a friend or relative more
than men (13.2% vs. 10.7%, respectively). Finally, 4.2% of male respondents own, have a
subscription to a bicycle sharing programme, and can easily borrow a bicycle from a friend
or relative (vs. 0.6% of female respondents), while 5.7% of female respondents have none
of these options available (vs. 2.8% of male respondents).

- _ I|
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

mownsa bicycle owns + bike share ®owns + borrows 1 all “none

Figure C.14: Gender bias in bicycle accessibility

We saw in subsection C.2 that 91.5% of the respondents own a driving license, however
only 87.4% of the female respondents own one, while 94.9% of the male respondents do.

o _
" _

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Mlicense Mno license

Figure C.15: Gender bias in driving license ownership

In light of the bicycle access structure highlighted above, Figure C.16 shows strong dif-
ferences in cycling frequency between men and women, although the differences in bicycle
access among genders are not significant enough to explain all of the variance.
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daily

couple times a week

couple times a month

less than once a month

never

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Mfemale Wmale

Figure C.16: Gender effect on cycling frequency

Figure C.17 highlights another interesting insight in the data: male respondents learned
how to cycle at a younger age than women. However, one can see that the gender bias fades
out for those who learned how to cycle at an age of 10 or more (although the number of
respondents on those age groups are relatively low compared to the younger age groups).

>20yo
15-20yo
10-15yo

5-10yo

<8yo

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Bfemale Mmale

Figure C.17: Gender bias on acquiring cycling skills

C.4.3. Cultural context

Figure C.18 shows the country of origin and the country of residence of the survey re-
spondents, respectively. The Netherlands, France, and Canada are, without surprise, over-
represented due to the personal, educational, and professional history of the author of this
thesis. These three countries, as well as the United States (fourth largest contingent of re-
spondents) are further analysed below to give insights on potential cultural bias that may
exist in the data.

The Netherlands is a country famous for its cycling culture, which arose in the 1970s
and has since never stopped to progress. Conversely, the American cycling culture is still in
its infancy. It is therefore logical that children living in a country where cycling is essential
to daily life learn how to cycle at an early age. Figure C.19 confirms this premise, and tells
us that 66.0% of Dutch respondents have learned how to cycle before 5 years old, while
this number plummets dramatically to 25.7%, 21.5%, and 4.8% for French, Canadian, and
American respondents, respectively.
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(a) Country of origin (b) Country of residence

Figure C.18: Country of origin and residence of the survey respondents

The Netherlands
France
Canada

United States of America

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

B<S5yo Em5-10yo 10-15yo 15-20yo m>20yo

Figure C.19: Age at which cycling skills were acquired in four countries

Interestingly enough, more French respondents stated that they cycle daily than the
Dutch (Figure C.20). Again, caution must be taken in interpreting cycling frequency results,
as survey respondents are not likely to be representative of habits in their respective coun-
tries. Still, it is interesting to see that the European context - dense town centres, mixed
used zoning, traffic calming measures, etc. - is encouraging people to cycle more often
than the North American one - low density, single use zoning, wide boulevards, etc.

The Netherlands

France

Canada

United States of America

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

mdaily ®couple times a week ®couple times a month #less than once amonth Hnever

Figure C.20: Cycling frequency in four countries
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Figure C.21 shows the main mode of transportation chosen by Dutch, French, Canadian
and American respondents, respectively. In all four countries, the bicycle is chosen as the
main mode to go to work/university. While Dutch and French respondents choose to cycle
or drive to other destinations, Canadians and Americans make much greater use of the

public transportation system.

work/university

shopping

public transportation hub

groceries

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

mcycling Mwalking ®publictransportation Wcar Mother
(a) The Netherlands

work/university
shopping

public transportation hub

groceries

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Mcycling Mwalking ®publictransportation Mcar Mother

(c) Canada

Figure C.21: Main mode of transportation used by respondents of four countries to reach common destina-

tions

public transportation hub

public transportation hub

work/university

shopping

groceries

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Mcycling Mwalking ®publictransportation ®car Wother

(b) France

work/university

shopping

groceries

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

mcycling Wwalking ®publictransportation “car Wother

(d) United States of America



Final survey respondents’ choices

In this appendix, each picture corresponds to a question of the online survey, and a heat
map shows the combination of the respondents’ speed (A = accelerating, C = constant
speed, S = slowing down) and position (L =left, T = through, R = right) manoeuvring choices.
The first 20 questions are answered from the perspective of a cyclist, while the last 20 ques-
tions are answered from the perspective of a pedestrian. The two sets follow the design
shown in Table D.1.
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Table D.1: Final survey choice sets

Question distance direction eyecontact group size context

1 close facing yes 1 person none

2 far crossing yes 3 people none

3 close crossing no 1 person none

4 far facing no 3 people none

5 close crossing yes 3 people none

6 close facing no 1 person none

7 close facing yes 3 people none

8 far facing yes 1 person none

9 far crossing yes 1 person none

10 far crossing no 1 person none

11 close crossing no 3 people none

12 far facing no 1 person none

13 close facing yes 1 person with friends
14 close crossing no 1 person with friends
15 far facing no 3 people with friends
16 far crossing yes 3 people with friends
17 close facing yes 3 people rushing to train
18 close crossing no 3 people rushing to train
19 far facing no 1 person  rushing to train
20 far crossing yes 1 person rushing to train
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