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Abstract

The built environment significantly influences individuals’ propensity to walk and bicycle, and
local authorities increasingly invest financial resources towards their development.
Organisations managing the built environment have developed auditing tools as guidelines to
inspect routes and identify improvements to support active travel. This study used several
auditing tools to develop 21 walking and 25 cycling investment-relevant factors embedded into
two choice-based survey instruments focusing on walking and cycling, respectively. The study
aims to internally validate a preference-based elicitation approach known as Best-Worst
Scaling (BWS) aimed to capture pedestrian and cyclist preferences. The BWS method offers
many advantages over other methods (ranking, rating) as it involves a lower cognitive burden
for respondents and provides a theoretically robust method to elicit preferences. Preferences
directly translate into investment priorities aimed at increasing the rates of walking and cycling.
As part of a survey instrument, these experiments will help obtain a ranking (preference) order
of the highest and lowest priority factors likely to encourage people to walk and cycle on a

standard scale.

The relative importance of the walking and cycling factors was assessed in a UK representative
sample of 364 pedestrians and 367 cyclists, respectively. In the walking experiment, footpath
provision, footpath condition, lighting, footpath width and buffer zone were the top-5 highest
priority factors. In the cycling experiment, dedicated pathways, pathway width, conflict with
the heavy good vehicles, conflict at junctions and surface quality were the highest priority
factors. This study demonstrates the validity of BWS experiments to provide a comparative
analysis of walking and cycling factors.
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Chapter 1: Introduction

1.1 Introduction

Cities all over the world are facing a significant challenge in meeting their communities’
mobility needs in a way that is socially comprehensive, financially efficient and ecologically
sustainable (UN-Habitat 2010). Transportation modes are used to overcome space, that is
framed by a range of human and physical restrictions, such as the nature of the topographical
area, distance and time (Rodrigue et al. 2013). Lesh (2013) indicated that most individuals
favour private cars as the most reliable mode of transport which provides door-to-door services.
However, this fact has contributed to the rise of vehicle miles travelled (VMT) and has
increased the negative impacts on the environment. In the meantime, many developing
countries witness a 10% annual increase in the motorisation rate, which is much higher than in
developed countries. Consequently, in developing countries, the consumption rate of energy
has been increasing by 4% annually over the last twenty years, which far exceeds the overall
global consumption rate of 2.7% (UN-Habitat 2010).

Walking and cycling are cheap, accessible and environmentally cleaner options for transport.
In developing countries, cycling plays a significant role in urban transport; for example, the
bicycle is a primary mode of transport for short to medium trips in China (Pooley 2009). But
still, the rates of walking and cycling have been declining. Concerning walking as a mode of
transport in developed countries, the decline is undeniable. For instance, in the UK, travel on
foot decreased for all trips from 34.8% to 23.5% between 1975 and 2005 and going to school
on foot by children aged 5-10 years decreased from 73.5% to 49% over the same period (Pooley
2009).

On the other hand, public transport (PT) is a crucial element of a sustainable transportation
system that enhances individual’s mobility and helps to ease the ecological and economic
responsibilities that increased possession of vehicles can impose on commuters (Mamun and
Lownes 2011). Nonetheless, over the past half-century, most of the developed countries
witnessed a decline in the use of PT on the same rate of growing use of private cars. For
example, in the UK, travel by bus or train declined for all trips from 40.3% to just 8.2% between
1966 and 2005. Similarly, in Melbourne (Australia), 73.8% of all journeys are made by private
vehicles compared to only 7.1% by PT (Pooley 2009).
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1.2 Active travel

Regular active travel (AT) can help individuals meet recommended physical activity (PA)
guidelines (Sahlqvist et al. 2012), reduce the risk of cardiovascular diseases, obesity, and
diabetes, and improve mental well-being (Sallis et al. 2016). The physical activity associated
with walking and cycling can release endorphins, promoting a positive mood and overall
mental well-being (Barton and Pretty 2010). Encouraging active travel can help alleviate traffic
congestion by reducing the number of motorised vehicles on the road. This can lead to more
efficient overall transport systems and improved quality of life for urban residents (Pucher and
Buehler 2008). By encouraging non-motorised modes of transport, active travel can reduce
greenhouse gas emissions, air pollution, and noise pollution, thus, mitigating climate change
and improving environmental quality (Woodcock et al. 2009). Active travel can provide
economic benefits by reducing transport costs associated with motorised vehicles, such as fuel,

parking, and maintenance (Litman 2017).

Streets designed to support active travel can promote social interaction and local economic
development and enhance the overall quality of life in urban settings (Gehl 2010). Active travel
infrastructure can create age-friendly cities by providing safe, accessible, and enjoyable
transport options for people of all ages, including children and older adults (Sallis et al. 2016).
Additionally, active travel infrastructure, such as bike lanes and pedestrian-friendly streets, can
encourage local economic development by increasing foot traffic and spending at nearby
businesses (Tolley 2011). Active travel options can provide accessible and affordable transport
choices for people of different ages, abilities, and income levels, contributing to social equity
and inclusivity in urban transport systems (Garrard et al. 2008). Active travel can promote
social cohesion and community interaction, as people who walk or cycle are more likely to
engage with their neighbours and participate in local events (Leyden 2003). Active travel is a
type of physical activity that involves walking, cycling, and using non-electric or human-
powered scooters (Zhang et al. 2022b). Regular physical activity is a necessary behaviour to

enhance physical and cognitive health on long-term (Biddle et al. 2019).

Walking and cycling to work/school have been linked to increased cardiorespiratory fitness
strength and lower obesity indicator values, among other benefits, in both young and adult
populations (Cooper et al. 2008). In many developed countries (Niederseer et al. 2020), the
average worker works five days a week and commutes twice daily. Most commuters rely on

their private cars, although commuting on foot or by bicycle offers a vast and untapped
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potential for increasing PA. Walking and cycling are essential modes of transport that allow
daily physical activity, but their use and appeal are waning in many nations (World Health
Organization 2018). Cycling benefits individuals, communities, and the environment as being
easy, safe, and affordable (Handy et al. 2014). Cycling keeps riders fit and healthy (Thakur and
Biswas 2019). Further, it reduces air pollution and greens the ecosystem (Qiu and He 2018).
Cycling reduces car traffic in communities (Rajé et al. 2018). It can also provide safer routes
to school for children, lower transport infrastructure costs, and offer alternate mobility for
disabled people (Wu et al. 2021). Cycling lanes, trails, and connected networks can provide
more public spaces and reduce city car use (Handy et al. 2012). For these reasons, building
cycling infrastructure is one of the best ways to improve cities and communities. It should be
safe and accessible, with plenty of bike lanes, parking, dedicated bikeways, and bike bridges
(Marqués et al. 2015). To protect cyclists, traffic lights and signage should be bicycle-specific
(Mayers and Glover 2021).

Organisations, such as local authorities, responsible for designing, managing, and planning for
the built environment employ different audit tools as guidelines to assess the quality of routes
and identify infrastructure improvements to support active travel. Such tools have been
developed for assessing micro-level pedestrian and cyclist environments in the UK (Millington
et al., 2009; Beynon et al., 2014), North America (Boarnet et al., 2006; Nabors et al. 2007,
2012; Cain et al., 2012) Australia (Pikora et al., 2002; Clifton et al., 2007; ARRB 2011; Taylor
et al., 2017), Canada (MTO 2014) and China (Cerin et al., 2011; Sun et al., 2017). When
operating within a stringent financial environment, this thesis proposes that auditing tools may
be utilised as a means to identify priorities for physical interventions that impact upon cycling
and walking uptake. However, auditing tools tend to include many different factors relating to
the built environment and infrastructure, normally more than 20, and identifying specific
priorities using traditional ranking or rating exercises involve several inaccuracies and biases
(Finn and Louviere, 1992; Soutar et al., 2015). Most importantly, there is a lack of evidence-

based or citizen-informed decisions.

To overcome these challenges and address the need for evidence to support decision making,
this thesis proposes a novel application of a method known as Best Worst Scaling (BWS). This
method is a robust alternative to traditional ranking and rating tasks, which would impose a
significant cognitive burden to respondents. Also, traditional ranking/rating scales are less
accurate due to omission of fine-grained item-importance information, scale-region biases, and

granularity, leading to inconsistencies when factor ratings or rankings are compared. While
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each item is of merit, traditional scales are prone to boundary effects and may not be easily

understood by the public, causing potential misinterpretation and misleading findings.

The rationale for developing this study is therefore twofold. Firstly, using audit tools as a
starting point, this thesis develops survey-based preference elicitation instruments to uncover
how citizens prioritise walking and cycling infrastructure investments, respectively. In doing
S0, a qualitative analysis aimed to internally validate the instruments also helped to examine
who citizens interpret infrastructure-related aspects of walking and cycling by pointing to
nuanced aspects that auditing tools may miss. The developed BWS survey-based instruments
could be implemented by any local authority wishing to determine which walking and cycling
infrastructure investments would be a priority in their area. Secondly, and following the internal
validation of the instruments (for walking and cycling), this thesis implements the BWS
method to elicit citizens’ priorities for walking and cycling investments by reporting evidence

from the UK.

Despite the extensive use of factors related to walking and cycling infrastructure to assess its
quality, there are very few instances where these factors have been converted into a preference-
based elicitation instrument and have been used to identify priorities as perceived by citizens.
This thesis aims to address this gap in the literature by incorporating various audit tools as
objective measurements of walking and cycling infrastructure, into a valid survey-based

preference elicitation tool making it available for local authorities to implement.

1.3 Research aim and objectives

The overarching goal of this study is to introduce a preference-based elicitation approach to
understand pedestrian and cyclist perceptions regarding the motivations for walking and
cycling. The outcome of this study is aimed at stimulating walking and cycling. This primary

aim was then associated with the following objectives:

e Critically review and evaluate challenges facing non-motorised travel,

¢ Identify relevant qualitative attributes related to walking and cycling infrastructure,

e Develop and validate an advanced survey-based preference elicitation instrument using a
novel method called Best-Worst Scaling (BWS) (Louviere et al. 2015), and

e Using that survey instrument, elicit individual preferences regarding the importance priority
of different aspects of walking and cycling infrastructure.
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1.4 Outline of the Thesis
This thesis was carried out across eight chapters as outlined in the following key points:
Chapter One: Introduction

Chapter One is designed to introduce the issue being researched and provides brief potential
solutions. Therefore, it reviews active travel's importance and the factors impacting it,
particularly those related to the walking and cycling infrastructure. In addition, this Chapter
provides figures for transport mode share in the United Kingdom and the United States, the

aim of the study and objectives, and the thesis structure.
Chapter Two: Literature Review

This Chapter is designed as a theoretical stage that reviews the background, previous research,
and studies related to the research domain. The reviewed issues include pedestrian and cyclists'
needs, factors related to the infrastructure influencing active travel, and tools used to measure
the quality of the walking and cycling infrastructure. Moreover, identify factors considered

motivators or barriers from the perspectives of pedestrians and cyclists.
Chapter Three: Research methodology

This chapter provides a background of the primary methodology used to collect and analyse
data in this study. Furthermore, compare rating and ranking scales, weighing their pros and

cons. This chapter also discusses sampling strategies.
Chapter Four: Cognitive interviews

This chapter aims to pre-test the survey instruments and evaluate the responses' quality using
cognitive interviews. In particular, two techniques were used, thinking aloud and verbal
probing. The cognitive interview's importance is to refine the survey instrument before

launching officially.
Chapter Five: Data analysis — Investment priorities for walking

This chapter aimed to elicit user preferences regarding priorities for investment in walking
infrastructure using the BWS experiment. This stage of the study includes cleansing the survey
data, descriptive analysis and the primary analysis (counting approach) of the BWS task related

to the walking experiment.

Chapter Six: Data analysis — Investment priorities for cycling
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This chapter is an extended to Chapter Five in which here is mainly to elicit user preferences

regarding priorities for investment in the cycling infrastructure.
Chapter Seven: Advanced analysis

This Chapter presents the modelling approach for analysing BWS tasks for walking and cycling
experiments. This stage of the study comprises the conditional logit model and clustering

analysis.
Chapter Eight: Discussion and Conclusions

This chapter discusses the BWS instrument's qualitative testing findings. The qualitative part
of the thesis involved cognitive interviews. Additionally, the presentation in this chapter
includes a discussion of the results from the quantitative analysis of the BWS data.
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Chapter 2: Literature review

2.1 Introduction

This Chapter provides a critical review of the literature pertaining to walking and cycling and
the factors related to their uptake. Firstly, this Chapter offers the foundation of the subject area
upon which this thesis makes a novel contribution. In particular, the thesis defines the concepts
of mobility, accessibility and connectivity as important dimensions that would enable
individuals to shift from motorized to active (walking and cycling) travel. Secondly, through a
critical synthesis of the published international literature, the thesis delves into the factors that

have been reported as being significant drivers enabling individuals to walk and cycle.

In relation to the research objectives listed in Chapter 1, the emphasis of this critical review is
on factors related to infrastructure, rather than individual and attitudinal drivers of choice. The
aim of this critical synthesis is to identify relevant domains of walking and cycling
infrastructure, which would then help derive appropriate qualitative and quantitative measures
to be embedded into a survey-based preference elicitation instrument (see, Chapter 3). This
synthesis primarily involves academic literature, which enables a detailed mapping of walking
and cycling infrastructure-related domains that are then used as a guide to identify relevant
factors in the grey literature and audit tools as described in Chapter 3. The aim of this chapter
is also to critically synthesise published evidence and identify the gaps in the literature and thus

support the motivation for conducting the data collection and analysis of this thesis.

2.2 Transport concepts

2.2.1 Mobility

The concept of mobility is broad-ranging, and its definition depends on which research it is
viewed from. In the transport field, mobility refers to the ease of individuals’ movement (Sager
2006) and the ability to move from one place to another (Costa et al. 2017). Tyler (2016)
indicated that a mobility system is a network of spatial extension and temporal duration that
joins scattered activities. In recent years, extensive scholarly literature on mobility issues has
been published. For example, Sager (2006) discussed the relationship between mobility and
freedom by distinguishing between actual and potential travel. Mobility refers to possible
transport and represents the individual’s capability to overcome physical distance. Some people

might demand potential transportation that substantially exceeds their actual needs. In this case,
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where the demand for trips exceeds infrastructure capacity, commuters would delay each other
or prevent others from making trips. Thus, Sager (2006) indicates a close link between joint
mobility with actual and potential movement. Further, a higher level of mobility might respond

to a higher level of freedom.

The built environment and functionality of a city significantly shape individual mobility
patterns, impacting public health and quality of life. Key factors include the accessibility and
satisfaction with public transport, safety, for cyclists, and the quality of walking environment,
which collectively promote health mobility behaviour (Kopal, 2023). Urban development,
traffic growth, and congestion are interrelated, necessitating a balanced design between
transport networks, population distribution, land use, and infrastructure to enhance urban
mobility efficiency (Tapia, 2021). The increasing urbanisation, expected to reach 70% by
2050, exacerbates health challenges due to inadequate spaces for physical activities, making

the integration of active travel and public health into urban mobility planning crucial (Chaiechi,

2022).

Mobility is essential to nearly all activities and just a few individuals who do not engage in
some parts of daily movements (Pooley 2009). Activities such as going to school, commuting
to work, travelling to visit friends and relatives, shopping, participating in sports events or
entertainment, or going away from home on holiday are all movements of everyday mobility.
These daily movements are part of the mobility continuum that spans short-distance, regular
trips to international migration and virtual mobility. However, increased interaction and blurred
differences exist between these kinds of mobility. Pooley (2009) stated that mobility does not
need any justification for its relevance to Human Geography since it is the process that allows
society and the economy to function. Costa et al. (2017) indicated that mobility is an essential
social source in the community because it is closely correlated to the movement of people
between various socio-spatial hierarchies. Therefore, gender, age, employment status, and
income, among others, would affect mobility to distinguish and decide the individual and
everyday situations concerning mobility in urban areas. However, Costa et al. (2017)
acknowledge that urban mobility policies tend to ignore factors affecting cities' growth as they
concentrate by the time of implementation on how people can commute from their

accommodations to the existing activities.

Walking and cycling are the most universal forms of mobility worldwide, and its adoption as

a sustainable and beneficial transport form has attracted great scholarly interest. Dos Santos

22



(2019) stated that walking produces zero emissions, is free, and has health benefits. To the
extent that few researchers have examined its viability as an ideal transport mode with benefits,
walking is considered an everyday activity. Wolek et al. (2021) support the claims and indicate
that its casual assertion as a regular activity inhibited individuals from examining it as a form
of transport. The European Commission Report (2019) suggests that the current transport
models are responsible for a quarter of the current EU greenhouse gas emissions, and the
number continues to soar. If the emission rates are not harnessed soon using alternative

mobility methods, the subsequent outcomes negatively affect all human aspects.

The EU Report (2019) suggested that alternative mobility models, such as walking and cycling
through urban mobility planning, should be adopted to avert the crisis. Providing facilities that
ease movement is crucial for active mobility. Many organisations have introduced pedestrian
mobility incentives, raising global concern (Dos Santos 2019). For example, organisations in
Brazil established incentives following the 2012 National Urban Mobility Policy to encourage
alternative mobility approaches like walking (Tashakori and Golzar 2018). Weng et al. (2019)
studies indicated that walking is the ideal transport mode linked to sustainability, efficiency,
and cost-effectiveness. Investigators have researched at different levels to understand
pedestrian road usage behaviours and ascertain the model's viability. Wolek et al. (2021)
suggested that the complexity of walkability requires a proper diagnosis of pedestrian

behaviour and influential factors determining the choice to walk.

2.2.2 Accessibility

Accessibility is a critical concept in Transport Geography and transport policies (Wee 2016)
and is considered a vital function of the urban system (Lei and Church 2010). There are many
definitions of accessibility; most include activities, destinations or travel impedance (Wee
2016). In the context of these terms, accessibility expresses the ease of reaching an activity or
a service (Preston and Rajé 2007; Bocarejo and Oviedo 2012; Litman 2013), the capability to
enter and access an intended activity (Tyler 2016), the possibility for arriving to spatially
dispersed destinations (Paez et al. 2012); the opportunities for individuals to reach their desired
locations by using any mode of transport (Gutierrez 2009). Consequently, Tyler (2016) argues
that if a place or an activity is inaccessible, some individuals would consider it non-existent.
Thus, all modes of transport should be accessible for all people to access any activity wherever

it exists (Tyler 2016).
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Accessibility is a multifaceted concept that encompasses various dimensions, including the
performance of land-use and transport systems from the perspective of individuals, and is
crucial for social inclusion and well-being (Boisjoly 2023). Accessibility is influenced by
several factors such as the transport system, land use, time, and individual characteristics
(Zhang 2023). The importance of accessibility (Gutierrez 2009) can be seen in different
aspects. One is social welfare by providing accessibility to schools and education sectors,
health care, work and other services. Another aspect is in the economy through enhancing the
financial systems' competitiveness and preference for specialisation benefits. However,
negative implications of accessibility can be seen when high-value natural spaces become

endangered due to the building of new access facilities in such areas (Gutierrez 2009).

Tyler (2016) addressed the issue of the interaction between accessibility and independence in
travel. This interaction divides people into five categories according to their ability to make a
trip. While some people can move freely and independently, others need to count on some
assistance, which could be personal or technical assistance, depending on their disabilities. For
example, some people with reduced mobility might need a wheelchair to reach a bus stop due
to the long distance. However, when the bus stops network is designed to be as close as possible
to homes, this could enhance their independence level and move them from the "technical

assistance" category to the "no assistance" category.

Accessibility metrics are critical in discovering and identifying gaps in transport services,
accommodating mobility needs for people (Mamun and Lownes 2011), and prioritising
transport investment (Fayyaz et al. 2017). Hence, policymakers can plan and develop suitable
transport services based on people’s needs. Paez et al. (2012) stated that accessibility measures
usually include two key elements, trip cost, depending on the spatial distribution of commuters
and opportunities, and the amount and characteristic of these opportunities. Based on these two
elements, many indications of location accessibility can be produced. Furthermore, Bocarejo
and Oviedo (2012) argue that accessibility consists of various parts from which it can be
analysed. They determined three main elements in defining accessibility: land use,

transportation and individual traits.

2.2.3 Connectivity

The term "Connectivity" illustrates how well several locations are connected by the transport
system (TfL 2015) or, in another word, the ability to establish and preserve a connection

between two or more points in spatial systems (Reggiani et al. 2015). Availability of paths and
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street network connectivity, significantly enhances active travel (Wolek et al. 2021b; Nabipour
et al. 2022). Good connectivity offers the transport system users seamless trips through more
reliable connections, reducing waiting and travel time, providing easy and safe paying system.
Thus, the ease of making multi-operator trips is almost identical in its procedures to a single
trip, which will be reflected in the systems’ ability to maintain existing users and attract new
passengers. On the other hand, poor connectivity would make multi-operator trips depressed,
costly and time-consuming. Thus, the system will hardly keep its users and will be unattractive

to new riders (MTC 2005).

Further, Ceder and Perera (2014) define a well-connected transportation path as a modern and
charming transport service that runs accurately and proportionately swiftly, with a seamless
synchronised transfer, part of the door-to-door commuters chain. Sun et al. (2010) state that
multimodal stations perform an essential task in the overall attainment of the transport network
system. Nearly all the transport modes, including bus, bicycle, light and heavy rail can be linked

to each other at the multimodal transport stations.

A report by the Transport for London argues that the assessment of connectivity is used for

different reasons, for example (TfL 2015):

¢ Identifying vulnerable locations in need of improvements in transportation.

¢ Understanding the prospective effects of plans for new stations or routes.

¢ Identifying the best locations for places of interest to a large number of people, such as
health care centres.

e Understanding which parts of the city are more appropriate for planning and developing
accommodations and offices.

e Understanding the most appropriate distribution of car parking.

2.3 Active travel infrastructure

Walking and cycling infrastructures are essential for a well-functioning transport system,
facilitating and encouraging active travel in high-traffic and low-traffic areas. High-traffic
environments have limited walking practicability, while low-traffic areas with such facilities
encourage more people to walk (Rowangould and Corning-Padilla 2019). Factors for exploring
pedestrian infrastructure include physical conditions, design, and local environment (Guzman
et al. 2022). Neighbourhood environments, connectivity routes, residential density, and

neighbourhood structures influence walking decisions (Zandieh et al. 2016).
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The factors influencing pedestrian infrastructure, such as traffic density, pavement conditions,
quietness, and facilities, significantly impact road usage (Zandieh et al. 2017). High-
deprivation areas face more traffic challenges, such as longer crossing times, high-speed cars,
and overlapping cars on pavements (Alphonsus et al. 2018). This reduces the motivation to
walk, reducing its desirability. Poor pavement conditions and fear of falling are also key
contributors to low walking desirability (Gardener and Lemes de Oliveira 2020). Inadequate
pedestrian infrastructure, such as narrow or inadequate pavements, can lead to fewer people,

especially the elderly, having a reduced desire to walk (Wojnowska-Heciak et al. 2022).

Building cycling infrastructure is a crucial part of urban planning and reducing car usage (Vassi
and Vlastos 2014). Communities are investing in cycling-friendly infrastructure to reduce air
pollution, traffic, and public health issues (Frangopol and Soliman 2016). The infrastructure
must be safe, rehabilitated, and monitored for environmental impact (Frangopol and Soliman
2016). Investment in bike infrastructure has positively impacted cities and communities
economically and healthily (Bullock et al. 2017). Cycling infrastructure improves traffic, air
quality, local business sales, and physical activity. Long-term sustainability, safety, health, and
community connection require cycling infrastructure investment (Neun and Haubold 2016).
Cycling is a beneficial activity for individuals, communities, and the environment due to its
ease, safety, and affordability (Handy et al. 2014). It promotes fitness (Thakur and Biswas
2019), reduces air pollution, and greens the ecosystem (Qiu and He 2018). It also reduces car
traffic in communities (Rajé et al. 2018), provides safer routes to school, lowers transport costs,
and offers alternate mobility for disabled individuals (Wu et al. 2021). Building cycling
infrastructure is crucial for improving cities and communities (Handy et al. 2014). It should be
safe and accessible, with bike lanes, parking, dedicated bikeways, and bike bridges (Marqués
et al. 2015). To protect cyclists, traffic lights and signage should be bicycle-specific (Mayers
and Glover 2021).

Cities should promote cyclist-only roads and lanes to boost public transport (Ab Rahman et
al. 2021). Cycling infrastructure encourages non-motorised travel and biker socialisation
(Litman 2013). Connectivity, best practices, and city design should all be optimised for bike
infrastructure (Bao et al. 2017).
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2.4 Pedestrian needs

Walking is the default mode of transport for every human being. Several factors influence
people's decision to walk, and they include primarily distance and time (Koo et al. 2022). More
recently, there have been political and social drivers supporting active mobility, such as land
use planning, improved infrastructure, and limiting the carbon footprint of travel-related
activities (Oyeyemi et al. 2019). Local authorities understand the important role of walking and
therefore support improvements and expansion of footpaths in cities, towns, and other

populated areas (Lin et al. 2022).

Walking infrastructure is crucial in developing attractive, sustainable cities (Farrell 2017).
Recent trends show that urbanisation is accelerating, with infrastructure growth in cities and
towns (Wang et al. 2018). This growth is coupled with the need for enhanced transport options
that meet the demand (Kuddus et al. 2020). More empbhasis is directed on developing walking
infrastructure, pedestrian safety, sustainability, and the city's attractiveness (Josephine et al.
2021). The need to evaluate the quality of walking infrastructure accompanies the increase in
demand (Dean et al. 2023). This provides a background for identifying the areas where
improvement is necessary to develop the comfort and safety of pedestrians while promoting

active or alternate transport choices (AlKheder et al. 2022).

The importance of evaluating the quality of walking infrastructure relates to the ability to offer
pedestrian-friendly environments that encourage walking as a standard mode of transport
(Akgiin-Tanbay et al. 2022). Some reasons behind the promotion of walking include personal
health and overall well-being (Hagel et al. 2019). Other factors include sustainability and
reducing congestion by discouraging carbon emissions due to a decline in reliance on motorists
(Wangzom et al. 2023). Buehler et al. (2016) highlight that despite policies' crucial role in
encouraging walking, it can still be challenging to have everyone impressed with the efforts
since other factors such as attitudes, preferences, and personal needs affect the decision to walk.
The availability of pedestrian infrastructures (Gharebaghi et al. 2018) has an impact on walking
desire and duration, with different population demographics influencing decisions. The
pedestrian network must consider these needs to facilitate a smooth transition into active
mobility, and spatial planning should incorporate elements to encourage more people to adopt

walking as a mode of transport.
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The concept of pedestrian needs emerged as a solution to enhance the quality of walking
environments for users (Mateo-Babiano 2016). Pavement design traditionally relies on
Maslow's (1954) hierarchy of human needs and pedestrian level of service (HCM 2000b). The
concept acknowledges that travel needs and requirements influence preferences, which can
change based on the situation. The pedestrian needs hierarchy was first articulated by Mateo-
Babiano and Ieda (2005), who subsequently defined and categorised six pedestrian

requirements criteria: mobility, protection, ease, equitable access, enjoyment, and identity.

A positive walking environment provides safety, convenience, security, continuity, system
coherence, comfort, and visual and psychological attractiveness (Sarkar 1993; Krambeck and
Shah 2006). Safety and security considerations have consistently had a significant impact on
an individual's decision to walk (HCM 2000b). Ease is defined as environmental features that
make it easier to navigate while walking (Mateo-Babiano 2016). For instance, more direct
routes and proper infrastructure would promote walking (Moudon et al. 1997). Equitable access
is critical for ensuring that all pedestrians have equal opportunities to walk. Southworth (2005)
identified safety, connectivity, and path quality as the primary factors that encourage walking.
Sidewalk quality, cleanliness, and reduced obstructions positively impact walking (Said et al.
2017). The following subsections provide a detailed discussion of the various aspects related

to pedestrian needs.

2.4.1 Safety and security

The World Health Organisation (2023) attributed about 20% of road fatalities to pedestrians,
defining them as vulnerable road users. Pedestrian safety is crucial for promoting walking as a
mode of transport, and strategies include creating safe walking networks and well-designed
footpaths (Rothman et al. 2012), implementing traffic calming measures (Galanis and Eliou
2011), and designing roads that prioritise pedestrian needs (Garder 2018; Buehler and Pucher
2023).

Perceptions of safety, injury risk, and psychosocial factors influence walking behaviour, with
older adults being particularly sensitive (Rod et al. 2023). However, criminal activities, prior
victimisation experiences, and inadequate police intervention can deter individuals from
walking (Gallagher et al. 2010). Traffic safety and crime prevention significantly influence
walking behaviour, especially for women, who may have a stronger association with perceived
safety (Demdoum et al. 2024). Factors such as a police stand and surveillance cameras improve

convenience and satisfaction (Mateo-Babiano 2016). Research indicates that buffer zones, such
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as pedestrian islands, that provide physical separation from vehicular traffic can enhance
pedestrian safety (Hidayat and Sari 2020) and walkability (Galanis and Eliou 2011; Nag et al.
2020a; Patil et al. 2021), making walking a more appealing commuter option (Lee et al. 2021).
Exclusive pedestrian spaces, free from motorised traffic, improve walkers' protection (Bellizzi
et al. 2019), reduce transit-related burdens, and reduce pedestrian exposure to traffic hazards

(Kim et al. 2023).

Maintaining clear lines of sight at intersections and mid-block crossings can also reduce
collision risks by improving sight distances and ensuring pedestrian visibility (Fathianpour et
al. 2022). Traffic control measures such as crosswalks, flashing beacons, zebra crossings, and
traffic signals (Patil et al. 2021; Pljaki¢ et al. 2022) are essential for managing pedestrian and
vehicular interactions. They enhance safety by regulating traffic flow and providing safe
crossing opportunities (Guo et al. 2023). Traffic calming measures and 20-mph zones can
promote walking and enhance public health by reducing speed and volume (Killoran 2006;
Jacobsen et al. 2009). Traffic calming techniques, such as speed humps, chicanes, curb
extensions, and raised crosswalks, aim to improve the experience for cyclists and pedestrians

by reducing accident risks and enhancing safe road navigation (NACTO 2014).

Crosswalks with flashing beacons increase visibility, alert drivers, and reduce stress levels
among pedestrians (Pljaki¢ et al. 2022). For pedestrians, safety is a top priority, with features
such as marked crosswalks, pedestrian bridges, and traffic control influencing walking choices.
Implementing crossing improvements, lighting measures, and removing physical obstructions
would further enhance the visibility and sight distance between vehicles and pedestrians

(Toroyan et al. 2013).

High traffic volumes discourage walking and cycling (Jacobsen et al. 2009; Papadimitriou et
al. 2009; Olabarria et al. 2011; Jeli¢ et al. 2012), increasing the risk of child pedestrian injuries
and negatively impacting parents' and children's perceptions of safety (Papadimitriou et al.
2009; Amiour et al. 2022; Yang et al. 2023). High street connectivity neighbourhoods with low
traffic volume encourage walking to school, while high traffic volume neighbourhoods
discourage it (Giles-Corti et al. 2011). High-deprivation areas face traffic challenges due to
higher volume, longer crossing intervals, high-speed cars, and overlapping cars on pavements
(Zandieh et al. 2017), which reduces motivation to walk and negatively impacts individuals'
health and well-being (Alphonsus et al. 2018). Public lighting is critical in ensuring pedestrian
comfort and safety when walking (Trop et al. 2023). In the United States, 79% of adults
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consider vehicle speed a significant concern for walking safety (Soto et al. 2022). Table 2.1

summarizes the various safety and security factors.

Table 2.1 Factors related to safety and security of pedestrian infrastrcture

Factor

Description

Relevant studies

Traffic calming

measures

Feel of safety

Traffic volume

Traffic speed

Lighting

Visibility

Implementing traffic
calming strategies, such as
raised crossings and speed

bumps

High perception of security,
presence of other

pedestrians

Low flows of vehicular

traffic

A well-designed artificial
lighting system

Galanis and Eliou (2011); UNEP (2014); Patil et
al. (2021); Pljaki¢ et al. (2022); Guo et al. (2023);
Jacobsen et al. (2009)

Distefano et al. (2023); Nabipour et al. (2022);
Kim et al. (2023); Ogilvie et al. (2010); Liu et al.
(2023); Demdoum et al. (2024); Gallagher et al.
(2010); Mateo-Babiano (2016); Raja Ariffin and
Zahari (2018)

Distefano et al. (2023); Kim et al. (2023); Ogilvie
et al. (2010); Leonardi and Distefano (2024); Liu
et al. (2023); Jehle et al. (2022); Papadimitriou et
al. (2009); Olabarria et al. (2011); Olabarria et al.
(2011)

Kim et al. (2023); Ogilvie et al. (2010); Liu et al.
(2023); Jehle et al. (2022); Soto et al. (2022); Raja
Ariffin and Zahari (2018)

Distefano et al. (2023); Nabipour et al. (2022); Liu
etal. (2023); Jehle et al. (2022); Galanis and Eliou
(2011); Patil et al. (2021); Pljaki¢ et al. (2022);
Dasgupta and Sen (2024); Raja Ariffin and Zahari
(2018)

Jehle et al. (2022); Fathianpour et al. (2022);
Toroyan et al. (2013); Dasgupta and Sen (2024)
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Factor Description Relevant studies

Buffer zone Kim et al. (2023); Jehle et al. (2022); Hidayat and
Sari (2020); Galanis and Eliou (2011); Nag et al.
(2020b); Patil et al. (2021); Lee et al. (2021);
Galanis and Eliou (2011); Patil et al. (2021)

2.4.2 Directness

Directness, the absence of steep gradients on footpaths, is a significant factor, as it encourages
walking (Parida 2018). It can be measured by footpath provision, location of crossings,
crossings waiting time, gaps in traffic, and Green Man time. A summary of these factors is
shown in Table 2.2. Infrastructure interventions such as new walking routes can facilitate a shift
from cars to active travel, but they may not be sufficient alone (Song et al. 2017). The transition
from non-motorised to motorised transport has made pedestrians the most vulnerable road
users. Despite efforts to rehabilitate affected roads for inclusive use (Anciaes and Jones 2018),
negative crossing behaviour persists, leading to fatal outcomes for all road users (Demiroz et
al. 2015; Hussain et al. 2023). Crossings designs, maintenance, and lack of alternative means
influence crossing choices, highlighting the need for improved safety measures (Sinclair and

Zuidgeest 2016).

Research indicates that waiting time at crossings is the primary factor influencing crossing
behaviour in large cities (Demiroz et al. 2015; Sinclair and Zuidgeest 2016; Anciaes and Jones
2018). Decisions to use crossing facilities depend on factors such as number of lanes, traffic
volume, traffic speed, and proximity to the nearest facilities (Koh et al. 2014). Long waiting
times can lead to detours and increase accident risk (Chandrappa et al. 2021). Most pedestrians
prefer detours over waiting time in controlled settings, leading to numerous collisions and
accidents, reducing their desire for walkability (Zheng et al. 2016). Long waiting times for
crossings can be both unpleasant and deterrent for some people (Brosseau et al. 2013; Ferrer et
al. 2015a; Erath et al. 2017). Factors such as population density during road crossings can also
affect crossing decisions, with an inverse relationship found between population density and
poor crossing decisions (Liu and Tung 2014). High pedestrian volumes at crosswalks observe
adherence to regulations, enhancing safety measures (Rastogi et al. 2011; Rizati et al. 2013;

Yu 2015; Galanis et al. 2017; Ni et al. 2017; Rani et al. 2017).

The proximity of the approaching vehicle, not its speed, influences pedestrians' decision to

cross a road (Yannis et al. 2013). The choice to walk depends on the road's ability to provide
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secure pathways. For example, a study in Japan found a positive correlation between longer
crosswalks and increased pedestrian crossing speeds (Zheng et al. 2016). However, pedestrians
tend to walk leisurely in high-traffic situations due to limited mobility within parking areas.
Perceived safety during crosswalk crossing can either promote or deter pedestrian activity
(Zheng et al. 2016). Pedestrians often fail to follow road crossing regulations (Alver and
Onelcin 2018), reducing their safety chances. However, their cognitive representation of their
surroundings helps them assess road crossing time and ensures compliance with established
rules. Pedestrian behaviour significantly influences risky road behaviours (Cinnamon et al.
2011; Lange et al. 2011). Alver and Onelcin (2018) note that many pedestrians prefer illegal
crossings over traffic signals, increasing the likelihood of accidents. Dommes et al. (2015)

attributed traffic light violations to vehicle conditions, waiting time, and crossing length.

Table 2.2 Factors related to direcness of pedestrian infrastrcture

Factor Example studies

Footpath provision Distefano et al. (2023); Nabipour et al. (2022); Jehle et al. (2022)

Location of crossings ~ Ogilvie et al. (2010); Zheng et al. (2016)

Crossings waiting Varsha et al. (2023); Cinnamon et al. (2011); Lange et al. (2011); Alver and
time Onelcin (2018)

Gaps in traffic Yannis et al. (2013); Zhuang et al. (2018)

Green Man time Varsha et al. (2023); Chai et al. (2017)

Previous studies show a disparity in pedestrian accidents between signalled and non-signalled
areas due to legislative disparities and road user prioritisation (Li et al. 2022). Countries such
as the UK prioritise pedestrians over vehicles at un-signalised crosswalks (Zegeer and Bushell
2012). Traffic lights increase the likelihood of pedestrians adhering to designated signage (Ivan
et al. 2017), while the temporal interval between red and green signals helps mentally prepare
pedestrians for crossings (Zhang et al. 2022a). Zhuang et al. (2018) found that pedestrians
prioritise traffic safety, with individuals who are not engaged in secondary tasks, witness other
pedestrians crossing, or are younger more likely to proceed and cross at crossing points.
However, these attributes also suggest that individuals may make varying behavioural choices

when crossing, leading to differences in the risk they face (Zhuang et al. 2018).
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Prior evidence highlights the importance of balancing distractions and pedestrian safety at road
crossings. The signalling and duration of pedestrian crossings, such as Green Man time, are
crucial in preventing pedestrian injuries caused by distractions. For example, Thompson et al.
(2013) and Ni et al. (2017) conducted studies on pedestrian safety at road crossings, focussing
on the impact of distractions such as text messaging and phone conversations. They found that
distracted individuals require more time to traverse the street. They also observed different
patterns of pedestrian behaviour. Some walkers enter the designated crossing area when they
receive the Green Man signal, whereas late walkers cross when the green light flashes.
However, some walkers breach the protocol by entering the crosswalk during a red signal, a
move associated with varying levels of risk. Serag (2014) developed a model for pedestrian
crossing behaviour in uncontrolled settings, based on a field survey in Egypt. According to
Serag (2014), factors influencing acceptable gaps include vehicle speed, crossing width,
pedestrian age, and attempts made before crossing. The study concluded that perceived risk

influences pedestrians' preference for walking or taking alternative transport.

Footpaths that connect street networks enhance walking, reducing energy and time needed to
reach destinations (Zakaria and Ujang 2015). Signalled pedestrian crossings are complex
systems influenced by individual decision-making and crowding, which can discourage some
people from walking (Chai et al. 2015b). Cherry et al. (2012) and Duim et al. (2017) conducted
studies on gap acceptance at mid-block crossings in China and Brazil. Cherry et al. (2012)
examined factors such as gap lane position, vehicle speed, and gap size. Duim et al. (2017b)
suggested implementing a favorable measure that considers pedestrian movement speeds in
order to adjust traffic light timings. Shaaban (2019) identified factors motivating people to
walk, including obstructions, physical condition, continuity, cleanliness, and encroachments.
Walkable environments necessitate a robust network of streets and pathways that facilitate
efficient pedestrian movement, backed by high-quality infrastructure for easy navigation and

accessibility (Chai et al. 2015a; Zakaria and Ujang 2015).

Obstructions on footpaths can discourage pedestrians from walking, as they affect the path's
direction (Hidayat et al. 2010; Frackelton et al. 2013). Tashakori and Golzar (2018) conducted
a survey on Princess Street in Edinburgh, emphasising the importance of walkways in urban
environments and the factors that encourage pedestrian use. They found that the facilitation of
movement is a key reason for pedestrians' desire to use walkways, as they offer direct paths to

destinations. York et al. (2011) found that pedestrians often complain about the short time
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given for the Green Man signs, leading to a decrease in crossing behaviour. This suggests that
the perceived minimal time discourages some people from using crosswalks. Li et al. (2013)
focused on walking obstacles faced by disabled people and seniors during winter, such as rain
and snow, which limit their movement and decision to use footpaths. They also discovered that
the level of walkway maintenance influences pedestrians' satisfaction, as it shapes their
perception of its attractiveness. Amir et al. (2020) and Monteiro and Campos (2012) studied
pedestrian motivations in urban centers. They found that well-maintained footpaths, crossings,

street lighting, plants, benches, and bicycle lanes are preferred features.

Pedestrian countdown timers increase the likelihood of late starters crossing before the signal
reverts to red, potentially negatively impacting crossing behaviour (Chai et al. 2017). Longer
durations within the red phase may reduce conflict severity and allow late starters to catch up

with the green signal (Chai and Wong 2014).

2.4.3 Comfort

High-quality footpaths are crucial for perceived safety and comfort, as poorly maintained
sidewalks can deter walking due to tripping or falling risks (Kim et al. 2023). The quality of
pedestrian infrastructure, including sidewalks and crosswalks, has a significant impact on
pedestrian willingness to walk, with factors such as thermal sensation, air quality, and noise
levels directly influencing comfort (Ma et al. 2021; Distefano et al. 2023). Footpaths are
designed to facilitate effective pedestrian use, including disabled people (Dos Santos 2019).

Footpaths should have a minimum travel width, buffered lanes, a gentle cross-slope, adequate
sight distances, reasonable distances from walls and structures, good-conditioning ramps, and
flat driveways (Tashakori and Golzar 2018). Wider footpaths are preferred for their increased
space, reduced congestion (Lopez-Lambas et al. 2021), and improved walking experience
(Krogstad et al. 2015). They enhance safety from traffic and crime by reducing pedestrian-
vehicle interaction, increasing visibility, reducing accident risk, and significantly influencing
walking route choices (Chen et al. 2020). Adequate footpath width enhances mobility, reduces
collision risks, and provides more comfortable navigation, especially for individuals with
mobility challenges (Krogstad et al. 2015). In contrast, narrow sidewalks affect individuals's

comfortability, discouraging them from walking (Ferrer et al. 2015b; Corazza et al. 2016a).

A study in Boston and San Francisco found that gradients significantly influence walking

preferences, with people preferring flatter paths with less physical exertion (Basu and Sevtsuk
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2022). The perceived effort required to walk on a gradient can affect people's willingness to
walk (Simha et al. 2021). The presence of benches (Krogstad et al. 2015) is crucial for older
adults, as they serve as essential resting places. As people age, the number of benches increases,
with older individuals valuing them more. Additionally, benches provide socialising spaces,

allowing people to enjoy the surroundings.

Street furniture and amenities such as benches, washrooms, drinking fountains, and shade areas
significantly impact walking duration, allowing individuals to walk for extended periods (Mitra
et al. 2020). These facilities are particularly important for older individuals to rest, recuperate,
and refresh, especially during leisure walks (Brodie et al. 2017). Well-maintained sidewalks,
with smooth surfaces, no cracks or obstacles, and proper drainage, enhance the walking
experience, promote safety, and encourage pedestrian activity, making them more inviting and
functional for users (Nuworsoo and Cooper 2013). Poor footpath conditions, narrow or
inadequate (Wojnowska-Heciak et al. 2022), and the fear of falling contribute to low walking
desirability (Gardener and Lemes de Oliveira 2020). Providing shade to pedestrians is essential
for comfort, but strategically planting trees is necessary to prevent obstructions and ensure they
serve as a protective shield (Parida 2018). A summary of factors relate to the comfort of

pedestrian infrastructure is shown in Table 2.3.

The current conditions of sidewalks worldwide are concerning, with most being characterised
by inappropriately allocated benches, encroachment by private and public utilities, or occupied
by vendors, limiting pedestrian use (Dos Santos 2019). Cerin et al. (2013) found that indoor
walking spaces, access to services, and low traffic encourage walking. Physical barriers hinder
walking, so removing them can increase participation (Corazza et al. 2018). According to Cerin
et al. (2013) study, sitting and resting facilities facilitate walking, encouraging older adults who
prefer relaxation to walk more Conticelli et al. (2018) found pedestrians are more focused on
comfortable, well-connected streets and easy access to residential buildings, which facilitate
walking for transport in the neighborhood. Guinn and Stangl (2014) survey revealed that
weather, distance to destination, and visually appealing environment are the top factors

affecting walking.

Aesthetics remain a significant motivation (Dadpour et al., 2016; Guinn and Stangl, 2014;
Nakamura et al., 2018), while overgrown, broken, or abruptly ending sidewalks pose barriers
to walking (Nag et al. 2020b). Buckley et al.’s (2017) Canadian study revealed that pedestrians

often express concerns about the attractiveness of a neighbourhood, including its cleanliness

35



and well-marked crosswalks. Cao et al. (2019) and Cambra & Moura (2020) conducted studies
on pedestrian walkability in Singapore and Lisbon, Portugal. They found that environmental
factors such as pedestrian infrastructure, wayfinding, familiarity, safety, and aesthetics can
either motivate or hinder walking. Factors such as cleanliness, buildings, noise, and natural
elements influenced the attractiveness of a walkway. The Expo Central project in Lisbon,
Portugal, aimed to improve walking conditions by adjusting physical aspects. The study found
that increased pedestrian volume increased significantly in areas with a changed physical

environment.

Wibowo (2017) study in Indonesia reveals that the attractiveness of the environment
significantly influences pedestrian willingness to walk. The study found that Indonesian cities'
designs are not pedestrian-friendly, with people reluctant to walk due to inadequate
infrastructure. Ewing et al.’s (2016) study also found that the built environment's attractiveness
significantly impacts traffic volume, with factors such as street furniture, active street frontage,

and window proportions affecting pedestrian volume.

Table 2.3 Factors related to comfort of pedestrian infrastrcture

Factor Description Example studies
Footpath A smooth and even surface, absence ~ Nabipour et al. (2022); Kim et al.
condition of cracks or obstacles, proper (2023); Jehle et al. (2022); Nuworsoo
drainage to avoid water pooling and Cooper (2013); Raja Ariffin and
Zahari (2018)
Footpath width Width of footpath Nabipour et al. (2022); Kim et al.

(2023); Liu et al. (2023); Jehle et al.
(2022); Krogstad et al. (2015);

Gradient Reduced slope of the path; whether a  Distefano et al. (2023); Nabipour et al.

street has an incline or not (2022)

Street furniture Objects and equipment installed on Distefano et al. (2023); Nabipour et al.

and amenities streets and sidewalk to enhance the (2022); Ogilvie et al. (2010); Leonardi
functionality, aesthetics, and and Distefano (2024); Krogstad et al.
convenience of public spaces (2015); Raja Ariffin and Zahari
(2018)
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2.4.4 Coherence

Air pollution can significantly impact the promotion of walking as a mode of transport, as while
walking and cycling offer health benefits through physical activity, exposure to air pollution
during these activities may pose health risks (Tainio et al. 2016; Tainio et al. 2021), including
elevated stress levels (Wu et al. 2023). Congestion charges and dedicated walking paths can
reduce exposure risks to air pollution, while proper separation between pedestrian paths and
roads is also beneficial (Bunds et al. 2019). Pollution negatively impacts a footpath's
attractiveness, with air quality conditions being a critical factor (Nikolopoulou et al. 2011).
Most participants express dissatisfaction with poor air quality, which can manifest in various
forms such as smoke emission or decomposition of materials (Fran€k et al. 2018). Factors relate

to the coherence is shown in Table 2.4.

Improved air quality positively influences non-motorised transport use, potentially increasing
walking (Li and Kamargianni 2017; Chandia-Poblete et al. 2022). Pollution is also associated
with the choice to walk, as traffic noise leads to faster walking than relaxation sounds
(Nikolopoulou et al. 2011; Frangk et al. 2018). Wayfinding signage improves pedestrian safety
by guiding and reassuring them of their surroundings, reducing anxiety and increasing

confidence to explore walking routes (Lee 2016; Ryan and Hill 2022).

Table 2.4 Factors related to coherence of pedestrian infrastrcture

Factor Example studies

Air quality Ogilvie et al. (2010); Leonardi and Distefano (2024); Bigazzi and Gehrke
(2018); Li and Kamargianni (2017); Tainio et al. (2021); Minet et al.
(2018); Ramos et al. (2016)

Dropped kerb and Jahandideh et al. (2019); Li et al. (2013b); DfT (2007)

tactile paving

Traffic noise Ogilvie et al. (2010); Jehle et al. (2022); Minet et al. (2018)

2.4.5 Attractiveness

Infrastructure plays a crucial role in facilitating and encouraging walking in different
environments (Rowangould and Corning-Padilla 2019). High-traffic environments (Guzman
et al. 2022) have limited walking practicability due to physical conditions, design, and local

environment. Conversely, low-traffic environments with such facilities encourage more people
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to adopt walking as an alternative mobility factor. Factors such as built environments (Fonseca
et al. 2022), connectivity routes, residential density, and neighbourhood structures also

influence walking decisions (Kerr et al. 2012; Zandieh et al. 2016).

Factors that constitute pedestrian infrastructure and determine road usage include traffic
density, pavement conditions, quietness, and the presence of facilities. Footbridges increase
pedestrian safety and the desire to walk (Zandieh et al. 2017). A summary of these factors is

shown in Table 2.5.

Table 2.5 Factors related to attractiveness of pedestrian infrastrcture

Factor Description Example studies
Traffic control Presence of traffic-calming Distefano et al. (2023); Leonardi and
devices measures on the carriageway Distefano (2024); Raja Ariffin and
Zahari (2018)
Walking barriers Obstacles that can hinder Distefano et al. (2023); Nabipour et
pedestrian movement such as al. (2022); Liu et al. (2023); Jehle et

inadequate sidewalks, open drains, al. (2022); UNEP (2014)

trees, poles, etc.

Footpath material Jehle et al. (2022); Hadiyanto et al.
(2017)

2.5 Cycling needs

Transport is crucial for both developed and developing countries, with studies showing the
interdependence between transport and land use in urban environments (Megha and Srikanth
2023). Cycling is an environmentally friendly and sustainable mode of urban transport that
promotes personal wellbeing, maintains good health (Heinen et al. 2010; Pucher and Buehler
2017), reduces obesity rates (Cerutti et al. 2019), reduces noise and pollution, and helps achieve
climate change mitigation goals (Bacchieri et al. 2010; Sherwin 2013). It is also the fastest
mode of transport for short trips (Marquart et al. 2020), with competitive speeds of up to 20

km/h in urban environments (Parkin and Rotheram 2010).

Cycling can reduce traffic congestion and delays in cities, as a significant percentage of car
trips are short distances (EEA 2009). Shifting from cars to cycling can lead to cost savings due

to the high costs of road construction, maintenance, casualties, pollution, and congestion (CEC
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2009). De Vos (2020) highlighted the importance of bicycles in containing infectious diseases,
as they facilitate outdoor mobility and enable social distancing measures. Despite these
advantages, traditional urban planning and policy have prioritised private transport; however,
there is an increasing awareness of the necessity of incorporating cycling into transport
networks and urban planning (Koglin 2015; Pucher and Buehler 2017). Many countries have
implemented policies to encourage the use of bicycles in order to mitigate the negative effects
of motorised modes of transport (Heinen et al. 2010). Nonetheless, governments and local
authorities face challenges in increasing transport cycling, including limited resources and the

need to justify the allocation of more resources to cycling (Handy et al. 2014).

Many countries have implemented policies to encourage the use of bicycles to significantly
reduce pollution and congestion (Ang et al. 2019). A successful cycling network should
prioritise safety, directness, cohesiveness, comfort, and attractiveness (Vassi and Vlastos
2014). Urban development in most cities worldwide, particularly in European cities, is shifting
focus from expanding ground cover to managing existing infrastructure. Factors such as the
economic crisis, space constraints, and the understanding of the significance of combining cars

and bicycles to reduce traffic in specific areas are driving this shift (Vassi and Vlastos 2014).

Cycling infrastructure also enhances access to employment and products, especially for
individuals without cars or access to public transport (Heinen et al. 2013). By extending streets
and adding protected bikeways, more people can access education, jobs, goods, and services
(Zuo et al. 2021). Furthermore, bicycle infrastructure can boost retail sales and tourism because
bikers are more inclined to stop at shops and attractions (Lee and Huang 2014). Cities can
address numerous economic, social, and environmental issues by incorporating bicycle
infrastructure into urban planning and transportation spending (Lee et al. 2017). Environmental
factors such as geography, climate, hills and mountains, and urban design such as narrow roads
and tight turns can significantly impact cycling infrastructure (Hoffmann 2016). These factors
can make cycling unsafe or impossible, and extreme temperatures and rain can also hinder it.
Therefore, bike infrastructure decisions must consider these factors to reduce collisions and
accidents (DiGioia et al. 2017). Bicyclists are motivated and discouraged by various factors,
including route preference, safety, infrastructure, and the physical environment (Winters et al.

2011).
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2.5.1 Safety

Cycling frequency positively correlates with the quality and availability of cycling
infrastructure, including dedicated bike lanes and parking facilities (Lv et al. 2023). Dedicated
cycling infrastructure significantly influences cyclists' route choices, even if it means deviating
from the shortest path (de Jong et al. 2023a). According to research findings, the
implementation of segregated bicycle infrastructure has a positive impact on cycling adoption.
For example, a study by Broache (2012) found that implementing a protected riding lane in
Seattle resulted in a significant increase of 77% in daily bike journeys. The buffer between

cycle lanes and motor vehicle traffic significantly impacts cyclist comfort (Bowie et al. 2018).

Divided bike lanes, created by curbs or paint, provide cyclists with space and safety, reducing
issues such as limited visibility and perceived speed that may deter them from cycling (Fishman
et al. 2015). Bicyclists benefit from segregated roads and paths, reduce motor vehicle
congestion, improve air quality, reduce cyclist-motor vehicle collisions, and improve public
health (Bhatia et al. 2016; Gotschi et al. 2016). A Sydney study found that a 2.4 km bi-
directional cycleway, separated from road traffic, increased cycling participation, indicating

that it positively influenced cycling behaviour (Esztergar-Kiss et al. 2021).

Separated bike lanes also show bikers that their requirements were considered while designing
the route, which makes them feel comfortable and involved (Clayton and Musselwhite 2013),
encouraging them to cycle more often (Forsyth and Krizek 2011). Dedicated bike lanes reduce
traffic on roads and highways, saving drivers time and improving transport for cyclists and
motorists (Chaloux and El-Geneidy 2019). For example, Amsterdam's bike lanes reduce traffic
as cyclists can travel faster and safer than cars, releasing fewer pollutants and improving air
quality (Van Petegem et al. 2021). Research indicates that the presence of dedicated bike lanes
correlates with increased sales for adjacent retailers, demonstrating the advantages of dedicated

cycling infrastructure for local businesses (Volker and Handy 2021).

Cycling on un-dedicated lanes can be hazardous, as it exposes riders to accidents (Van
Cauwenberg et al. 2018). Off-street back paths are an infrastructure factor that encourages
cycling (Lu et al. 2018), providing a safe alternative route without clashing with other transport
modes (Heinen et al. 2010). They are clean and car-free, reducing confusion and disorderliness
during cycling (Heinen et al. 2010; Winters and Teschke 2010; Mateu and Sanz 2021). A

summary of the different factors related to safety is shown in Table 2.6.
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The continuity and consistency of bicycle paths, along with their separation from motorised
traffic, enhance safety and comfort (Gossling and McRae 2022; Trembecka et al. 2023). High-
quality improvements to cycle route networks have positive effects (Yang et al. 2010); for
example, a study in Trondheim, Norway, found that reallocating road space for dedicated
cycling paths increased cycling appeal, with the average route length nearly doubled. The
majority of respondents viewed the intervention positively, suggesting it can shift travel
behaviour towards sustainable modes (Vasilev et al. 2018). For example, a study in Oslo,
Norway, found that cyclists prefer routes with dedicated cycling infrastructure, even longer
than the shortest path (de Jong et al. 2023b), due to perceived safety and comfort (Larouche et
al. 2021). Researchers have linked increased cycling activity to improvements in cycling
infrastructure in Paris and Lyon, such as increased lane length and the removal of car parking
(Xiao et al. 2023a). Studies also reveal that cyclists experience lower stress levels when riding
in dedicated bike lanes (Cobb et al. 2021), which is crucial for promoting cycling more
frequently, especially for vulnerable groups like women and those with children (Hardinghaus

and Weschke 2022).

Table 2.6 Factors related to safety of cycling infrastrcture

Factor Description Example studies

Dedicated pathway Lv et al. (2023); de Jong et al. (2023b);
Broache (2012); Vasilev et al. (2018);
(Yang et al. 2010); Forsyth and Krizek
(2011); Gotschi et al. (2016); Esztergar-Kiss
etal. (2021); Van Cauwenberg et al. (2018);
Heinen et al. (2010); Mateu and Sanz

(2021)
Traffic volume The amount of motor vehicle Bowie et al. (2018); Santos et al. (2010);
traffic on the road Aupetit et al. (2015); Moller and Haustein
(2016); Singleton and Poudel (2023); Ye et
al. (2024)
Traffic speed The speed limit on the road and ~ Bowie et al. (2018); Singleton and Poudel

actual vehicle speeds, which can  (2023); Ye et al. (2024)
affect cyclist safety and comfort
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Factor Description Example studies

Conflict with HGVs Heeremans et al. (2022); Werneke et al.
(2015);

Conflict with Currie and Reynolds (2010); Kaiser et al.

kerbside activity (2010)

Traffic calming Batomen et al. (2024)

measures

Bicycle riders often encounter difficulties, particularly on busy roads, when they encounter
conflicts with heavy-good vehicles (HGVs) (Heeremans et al. 2022). Bicycle riders and HGVs
often engage in collisions, leading to a hostile relationship (Werneke et al. 2015) and resulting

in the highest number of recorded injuries (Karpinski et al. 2022).

Heavy traffic volume discourages cyclists from cycling due to risks and wasted time (Aupetit
et al. 2015; Meller and Haustein 2016), leading many to avoid high-traffic areas and opt for
other modes of transport to avoid inconvenience (Santos et al. 2010; Vlakveld et al. 2021). The
volume, speed, and proximity of motor vehicles significantly influence the comfort and safety
of cyclists, potentially leading to negative perceptions of cycling environments (Bowie et al.
2018). The use of coloured bike lanes and clear signage enhances cyclists' visibility to
motorists, reducing conflicts and raising awareness of their presence (NACTO 2014). Traffic
conditions like speed limits and traffic volume significantly impact perceived safety, with
lower speed limits and reduced traffic volumes leading to higher safety perceptions (Singleton

and Poudel 2023; Ye et al. 2024).

Conflict with kerb side activities significantly discourages cycling, delays movements, and
creates unnecessary friction (Currie and Reynolds 2010; Kaiser et al. 2010). Painted buffer
lanes are crucial infrastructure for cycling, as they attract more cyclists and enhance safety
(Fishman et al. 2015; McLeod et al. 2020). They are designated for cyclists, providing a clear
path and preventing collisions with other drivers (Wu et al. 2012). They also function as a
guideline, guaranteeing adherence to rules and averting collisions (Shahar et al. 2010).
However, people often avoid roads without painted buffer lines because anyone can use them
(Ang et al. 2019). Reduced conflicts with pedestrians and cyclists on shared pathways are
crucial for enhancing cycling experiences, as cyclists prefer minimal interaction environments

(Bowie et al. 2018).
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Traffic calming measures, such as curb extensions and speed humps, aim to improve road
safety by reducing vehicle speeds and creating a safer environment for cyclists, thereby
reducing collision rates and encouraging more frequent cycling (Batomen et al. 2024).
Research shows that most cyclists prioritise safety by riding in groups (Junior et al. 2012;
Kutela et al. 2023). The implementation of flex posts or chicanes can serve as a means of

protecting bicycles from the presence of motor vehicle traffic (Velominati 2013).

2.5.2 Directness

The slope of the pathway has a negative impact on cyclists because it increases their energy
consumption (Li et al. 2012). The steepness of a route can significantly influence a cyclist's
willingness to ride, with many preferring less hilly routes (Bowie et al. 2018). The natural
landscape and elevation changes significantly influence a cyclist's experience, with routes that
minimise steep inclines being generally more favourable (Karakaya et al. 2023). Roadway
accommodations that promote cycling have a significant impact on bicycle usage (Buehler and
Dill 2016). For example, stop signs in many North American areas allow bicycles to move
continuously without stopping (Dill and McNeil 2013). Infrastructure topography can
discourage cycling (Buehler and Dill 2016), with hilly pathways and stiff roads being risky and
causing cyclists to avoid cycling (Cervero et al. 2009; Heinen et al. 2010; Popov et al. 2010).
Furthermore, straight roads are essential for sharing bicycles, as they ensure convenient drop-

off points (Siren and Haustein 2013).

Cycle signals enhance cycling infrastructure capacity, visibility, and trip time, while reducing
traffic offences by allowing bicycles to proceed (Heinovski et al. 2019). Table 2.7 shows
examples for the factors related to the directness of the cycling infrastructure. Topographical
features and adverse climatic conditions, such as increased temperatures and precipitation, can
discourage cycling. Alternatively, good weather conditions and level landscapes promote road
cycling (Maas et al. 2021; Qin et al. 2024). Stiff and sloppy areas can lead to accidents and
damage to bicycles (Mateu and Sanz 2021).
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Table 2.7 Factors related to directness of cycling infrastrcture

Factor Description Example studies

Gradient The slope of the road, which Bowie et al. (2018); Li et al. (2012); Karakaya
can affect the effort required et al. (2023); Cervero et al. (2009); Popov et al.
by cyclists and their (2010); Buehler and Dill (2016); Mateu and
willingness to ride Sanz (2021)

Deviation of route Cerutti et al. (2019); Nuworsoo and Cooper
(2013); Elvik (2010); Shaheen et al. (2010);
Stinson and Bhat (2003); Siren and Haustein
(2013)

Straightforward road construction encourages bicycle usage (Elvik 2010; Shaheen et al. 2010),
unlike curvy infrastructure with multiple corners (Stinson and Bhat 2003; Popov et al. 2010;
Zhang et al. 2021). Bends can easily damage bicycles due to their fragility (Stinson and Bhat
2003; Pan et al. 2010). Smooth and straight roads are easier for cyclists to navigate and arrive
quickly to their destinations (Cerutti et al. 2019). For example, a study in California highlights
users' preference for efficient travel infrastructure, emphasising the importance of creating
bicycle and pedestrian-friendly environments by designing routes that directly connect key
activity centres (Nuworsoo and Cooper 2013). Dedicated cycling phases at signalised
intersections are highly preferred for their safety enhancement, and reduced delays (Bowie et

al. 2018).

2.5.3 Comfort

The quality of cycling infrastructure, including lanes width, surface quality (Karakaya et al.
2023), and features such as advanced stop boxes and cyclist signal phases, significantly
enhances cyclists' comfort levels (Bowie et al. 2018). The width and length of cycle lanes are

crucial, with increased lane length correlated with higher daily cycle counts (Xiao et al. 2023b).

Studies in Toronto (Vasilev et al. 2018) and the Netherlands (Turrell et al. 2024) show that
infrastructure quality, including pathway width, significantly influences cyclist route choices,
with studies indicating that cyclists prefer routes with bicycle lanes and road medians. Local
authorities are enhancing road design and structure to promote cycling (Dill and McNeil 2013),
with research indicating that smooth, well-tarmacked roads are more conducive to cycling (Van

Cauwenberg et al. 2018). Increased path width is linked to improved cycling capacity and better
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cyclist positioning (Schramm and Rakotonirainy 2009; Wierbos et al. 2019). Wider paths
enhance safety by allowing cyclists to maintain greater distances from verges and oncoming
cyclists (Garcia et al. 2015; Schepers et al. 2023), providing ample space for manoeuvring
(Esztergar-Kiss et al. 2021), and reducing conflict with vehicles, pedestrians, and other cyclists
(Bowie et al. 2018). A summary of the different factors related to comfort is shown in Table

2.8.

Conversely, if the road lacks a swift navigation design, people are likely to avoid bicycles due
to the increased inconveniences (Broach et al. 2012). Damage to the bikes is likely to occur on
poor road surfaces, leading to substantial cost increases and a significant disadvantage
(Goodman et al. 2014). Moreover, motorists are likely to save time navigating through bad
roads to reach their destinations, which would discourage them from using a bicycle as a mode
of transport (Cervero et al. 2009; Chong et al. 2010). Poor road infrastructure, including defects
and potholes, significantly discourages cycling due to potential accidents and hospitalisation

(Pinch 2010; Guell et al. 2012; Segadilha and Sanches 2014).

Table 2.8 Factors related to comfort of cycling infrastrcture

Factor Description Example studies

Surface quality The condition of the cycling surface, Bowie et al. (2018); Hull and O’Holleran
whether it is smooth or bumpy; (2014); Karakaya et al. (2023); Murphy
smooth surfaces created with high- and Usher (2015); Dazzi (2019); Fishman
quality materials such a asphalt et al. (2015)

Pathway width Bowie et al. (2018); Wierbos et al. (2019);

Schramm and Rakotonirainy (2009);
Garcia et al. (2015); Esztergar-Kiss et al.
(2021); Schepers et al. (2023); Turrell et al.

(2024)
Surface material Karakaya et al. (2023);
Signage Signs and symbols used to convey Pearson et al. (2022);Hull and O’Holleran
information or instructions to (2014)

cyclists, such as bike route signs,

directional signs, or safety warnings.
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Legislation aims to reduce accidents by clearing potholes and encouraging cycling (Murphy
and Usher 2015; Dazzi 2019). Clear and smooth routes have led to a significant increase in
cyclists (Fishman et al. 2015). The quality and maintenance of bike lanes are critical for cycling
comfort; poorly maintained lanes with cracks, potholes, or rough surfaces can reduce the
cycling experience and pose safety risks, as seen in Edinburgh's poorly maintained routes (Hull
and O’Holleran 2014). Maintenance and road use are critical infrastructure factors that
determine the ability to use bicycles as a means of transport (Willis et al. 2015). Busy and
under-construction roads can cause congestion, while abandoned roads need maintenance to

facilitate swift bicycle movement (Balaguera et al. 2018).

Bicycle boxes are strategically placed at crossings and traffic signals to provide a safe and
conspicuous starting point for cyclists (Dill et al. 2012). They can be established as temporary
priority lanes for special events or high demand, helping cyclists in turning safely at junctions
and reducing motorist-cyclist clashes. These bicycle infrastructures (DiGioia et al. 2017)
enhance biker safety, convenience, and visibility while reducing road congestion. They include
cycle lanes, dedicated routes, cycle parking, and traffic calming measures such as speed bumps.
Signage informs riders about their rights and rights in specific locations, ensuring their safety

(Morgan 2019).

Adequate signage is crucial for cycling, as it aids navigation and enhances the cycling

experience by providing specific information to those riding bikes (Pearson et al. 2022).

2.5.4 Attractiveness

Air quality significantly influences cyclists' route choices, with poor conditions leading to
longer, alternative routes to avoid pollution, indicating an active desire to minimise exposure,
impacting their mobility patterns and cycling's appeal (Kourtit et al. 2024). For example, a
study in Beijing, China, showed that air pollution discourages cycling, especially among
women and higher-income individuals, leading to a shift to other modes of transport (Zhao et
al. 2018b). Cities can cut automobile journeys and enhance air quality by boosting cycling, as
seen in Copenhagen's bike infrastructure (Gdssling and Choi 2015). Cycling infrastructure
reduces car use, making cities more efficient and sustainable (Gossling 2020). For instance,
Paris invested in bike infrastructure, increasing public transport use and reducing car trips

(Pucher et al. 2010a).
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The availability of lighting on bicycle pathways has significantly increased the number of
cyclists, allowing them to cycle at all times (Goodno et al. 2013; Irawan et al. 2020), and has
also led to increased bicycle ownership (Broach et al. 2012; Terzi et al. 2023). Adequate
lighting is critical for cycling infrastructure because it improves cyclists' safety and comfort
along bike routes (Pearson et al. 2022). Bicycle pathways are illuminated as directional signs,
aiding cyclists in navigating the road and ensuring smoother movement (Buehler and Dill
2016). A summary of the different factors related to the attractiveness of cycling infrastructure

is shown in Table 2.9

Many riders avoid noisy, overcrowded areas (Stinson and Bhat 2003; Aldred 2013), preferring
quiet bike routes that do not conflict with heavy vehicles (Bil et al. 2010). Quiet routes allow

cyclists to navigate without distractions (Menghini et al. 2010).

Table 2.9 Factors related to attractiveness of cycling infrastructure

Factor Example studies
Air quality Kourtit et al. (2024); Zhao et al. (2018a)
Lighting Pearson et al. (2022); Goodno et al. (2013); Irawan et al. (2020);

Broache (2012); Terzi et al. (2023)

Secure cycle parking Hull and O’Holleran (2014); Larsen (2017);

Noise pollution Stinson and Bhat (2003); Aldred (2013); Bil et al. (2010); Menghini et
al. (2010)

Ensuring a secure, available parking area is crucial for cyclists (Cervero et al. 2009; Hull and
O’Holleran 2014), as it encourages group cycling (Pan et al. 2010; Jones et al. 2016). Security
around cycle parking is also essential for cyclists (Cheng et al. 2018), as studies show that
streets with CCTV and general security are more likely to adapt to bicycle use (Shaheen et al.
2010). Furthermore, the provision of adequate and frequent bicycle parking can enhance the
appeal of cycling. For example, Cambridge's conversion of car parking spaces into cycle
parking and the frequent availability of bike parking are significant factors in promoting

cycling, making it a more attractive option (Hull and O’Holleran 2014).

The presence of amenities such as cafes and beaches near cycling stations can significantly

promote cycling engagement (Maas et al. 2021). Greenery and views in the surrounding
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environment significantly influence cyclists' willingness to ride, as they perceive these

environments as attractive (Bowie et al. 2018).

2.5.5 Cohesion

Infrastructure cohesion significantly influences the adoption of bicycles as a transport method
(Arellana et al. 2020). If infrastructures are easily accessible from the cyclist's residence, they
may prefer it (Heinen et al. 2010; Flanagan et al. 2016). Conversely, if roads are not connected
to their residences, it becomes difficult for them to use bicycles (Popov et al. 2010; Santos et
al. 2010). For example, in rural areas, bicycles are not standard due to the lack of simple

linkages to workplaces, making cycling adoption challenging (Aldred 2013).

The continuity of roads and cycling lanes is crucial for the convenience of movement and
access to services, encouraging the use of bicycles (Johnson et al. 2010; Scott and Ciuro 2019).
These roads facilitate swift bicycle movement (Aldred and Jungnickel 2014) and adapt travel
routes for various cyclists (Segadilha and Sanches 2014). Cyclists prefer easy-to-navigate
routes with a continuous network, avoiding frequent motor traffic interactions (Friel et al. 2023;
Ramirez Juarez et al. 2023). The length of a cycling facility directly impacts the distance
cyclists are willing to travel to use it, with longer facilities resulting in greater diversion
distance (Larsen and El-Geneidy 2011). For example, a study in Lexington, Kentucky, and
Catania, Sicily, Italy, found that lack of infrastructure is a significant obstacle to bicycling.
Respondents, in both cities, indicated that improving bicycle infrastructure and pavement

conditions would increase bicycle trips (Stamatiadis et al. 2018).

Continuous and well-integrated bike lanes (Hull and O’Holleran 2014) devoid of abrupt
interruptions are essential for ensuring a seamless and uninterrupted cycling experience. It is
imperative that bike lanes do not terminate abruptly at congested roads or intersections (Hull
and O’Holleran 2014). Studies show a significant relationship between cycling levels and bike
lanes, particularly in large cities such as Chicago whereby each additional linear mile leads to
a one-percent increase in commuters (Aldred and Jungnickel 2012; Goodno et al. 2013). In
Belgium individual tendencies were more critical in cycling than the availability of bike lanes
(Cerutti et al. 2019). Roads and paths are significant infrastructure factors that affect cycling
as a means of transport (Johnson et al. 2010). Long distance covered on the road is a primary
factor for many commuters, and town and city sizes also play a role in determining bicycle

usage (Cerutti et al. 2019; Gu et al. 2019).
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2.6 Assessment tools

Assessment tools for walking and cycling are frameworks and methods used to evaluate the
quality, safety, and efficiency of pedestrian and bicycle facilities and infrastructure (Asadi-
Shekari et al. 2014). These tools measure factors such as level of service, delay, speed, flow,
density, and user perceptions to quantify the performance and experience of walking and
cycling environments (Griswold et al. 2018), and suitability of infrastructure for pedestrians

and cyclists (Jegan Bharath Kumar and Ramakrishnan 2020).

Researchers propose a variety of classification frameworks to guide the selection and
organisation of pedestrian attributes for assessing walkability. For example, the London
Planning Advisory Committee developed a 5C scheme for pedestrian attributes, which includes
comfortable, connected, conspicuous, convenient, and convivial attributes (Gardner et al.
1996). Cervero and Kockelman (1997) introduced a three-dimensional framework (3D) for
urban planning, which includes measures of density, design, and diversity. Population density,
employment density, and job accessibility are integral components of density, while design
encompasses streets, pedestrian and cycling facilities, and site layout. In contrast, diversity is
measured by seven things: the dissimilarity index, the entropy, the vertical mixture, the land
use mixture, the activity centre mixture, the commercial intensities, and the proximity to
commercial and retail uses (Cervero and Kockelman 1997). Ewing et al. (2013) expanded the

3D framework into a 5D structure, adding distance to transport and destination accessibility.

The Systematic Pedestrian and Cycling Environmental Scan (SPACES), developed by Pikora
et al. (2006), assesses five dimensions: aesthetics, destination, functional, safety, and
subjective. The Irvine-Minnesota Inventory (IMI) focusses on safety, accessibility, and
pleasantness (Day et al. 2006). The Pedestrian Environmental Data Scan (PEDS) provides a
comprehensive overview of the environment, qualities of roads, pedestrian facilities, and
walking conditions (Clifton et al. 2007). The Microscale Audit of Pedestrian Streetscapes
(MAPS) evaluates five indicators of walkability: crossing facilities, visual appeal, street layout,
sidewalk condition, and transit stops (Cain et al. 2012a; Thornton et al. 2016). Moura et al.
(2017) presented a 7C framework, which comprises coexistence, comfort, commitment,
connection, conspicuousness, convenience, and conviviality. These frameworks aim to
improve the quality of pedestrian environments and promote a more pleasant and safe

environment for all (see Error! Reference source not found. ).
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Audit tools should be geographically specific and cross-locational, capturing environmental
idiosyncrasies that may impact residents' physical activity behaviour (Cerin et al. 2011).
Researchers have developed and validated observational measures for community audits of
street-scale attributes in low-density urban and suburban areas of North America and Australia,
including the Checklist Audit Tool (Brownson et al. 2004), the Neighbourhood Active Living
Potential (Craig et al. 2002), and the Systematic Pedestrian and Cycling Environmental Scan
(Pikora et al. 2002). The Scottish Walkability Assessment Tool (SWAT) was developed and
verified by Millington et al. (2009) to evaluate walkability in urban areas of Scotland,
considering factors such as densely populated residential areas, reduced car ownership,
pavement use, and on-street parking. The pedestrian environmental factor (PEF) was developed

based on sidewalk continuity, ease of crossing, street characteristics, and topography.

Table 2.10 Examples of different assessment tools

Assessment tool Attribute Source
The London Planning A 5C framework: comfortable, connected, conspicuous, Gardner et al.
Advisory Committee convenient, and convivial pedestrian attributes (1996)
3Ds Urban Planning A 3D framework for urban planning: Cervero and
e Density: population density, employment density, and job Kockelman
accessibility (1997)

e Design: streets, pedestrian and cycling facilities, and site
layout

e Diversity: dissimilarity index, entropy, vertical mixture,
land use mixture, activity centre mixture, commercial
intensities, and proximities to commercial-retail uses

5Ds Urban Planning Developed Cervero and Kockelman (1997) 3D framework into  Ewing et al.
5D structure, by adding distance to transport and destination (2013)
accessibility

The Systematic Five dimensions: Pikora et al.
Pedestrian and Cycling e  Aesthetics (such as cleanliness, sights, parks, trees, and (2006)
Environmental Scan pollution),
(SPACES) e Destination (including local facilities, public transport,
services, shops, and bike parking facilities),
e Functional (including direct route, gradient, intersection
distance, path location, traffic volume, and path width),
e Safety (including crossing aids, crossings, lightings,
verge width, and surveillance)
e Subjective
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Assessment tool Attribute Source

The built A 7C framework: Moura et al.
environment's e Coexistence: such as, traffic safety and pedestrian (2017)
attributes crossing location

e Comfort: for example, vigilance effect and pavement
quality

e Commitment: law enforcement

e Connection: for example, pedestrian infrastructure, path
directness, and accessible pedestrian network),

e Conspicuous: for example, the presence or visibility of
landmarks and street toponomy

e Convenient: for example, land use diversity, and daily
commerce

e Convivial: for example, meeting places, service hours,
and existence or visibility of anchor places

The Microscale Audit  Five indicators of walkability: crossing facilities, visual Cain et al.

of Pedestrian appeal, street layout, sidewalk condition, and transit stops (2012b);

Streetscapes (MAPS) Thornton et
al. (2016)

The Bicycle Compatibility Index (BCI) and Bicycle Intersection Safety Index (Bike ISI) were
developed to assess the effects of roadway design and traffic conditions on riding comfort and
safety. Various evaluation models (Winters et al. 2013), such as the Bicycle Level of Service
(BLOS), Area-wide Bikeability Evaluation Model (ABAM), and Perceived Bicycling
Intersection Safety (PBIS), have been developed to assess bikeability from different
perspectives (Lin and Wei 2018). Landis et al. (1997) and Harkey et al. (1998) used linear

regression models to derive a bicycle level-of-service based on field and survey data.

2.7 Level of Service

The Level of Service (LOS) is a performance metric used by engineers and planners to evaluate
the quality of service in transport systems (Asadi-Shekari et al. 2014) such as highways, streets,
and intersections (Lowry et al. 2012). Traditionally focused on vehicle travel, LOS has
expanded to include public transport, pedestrian, and bicycle levels of service. It is often used

to assess the quality of infrastructure and services provided to users (Huang et al. 2021).

Assessing the quality of walking and cycling infrastructure holds significant importance for
multiple stakeholders (Benton et al. 2023). Policymakers, urban designers, and transport
planners play a crucial role in enhancing city decision-making processes by understanding

infrastructure quality (Chowdhury et al. 2018; Appolloni et al. 2019). Evaluation data (Flodén
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and Woxenius 2021) guides their resource allocation activities, allowing them to either
prioritise or reduce allocations (Alipour and Dia 2023). The ultimate aim is to improve
pedestrian and cyclist active travel experiences by evaluating the quality of infrastructure

(Asadi-Shekari et al. 2014).

Street assessments are often based on LOS, which measures the current facilities, situations,
equipment, and infrastructure in the streets (Asadi-Shekari et al. 2013b). LOS models are used
to evaluate the needs of pedestrians, cars, bicycles, and public transport. These models focus
on factors such as speed, travel time, freedom to manoeuvre, traffic interruptions, comfort, and
convenience, among others, and they are crucial for evaluating and improving pedestrian
infrastructure (Sangeeth and Lokre 2019). The Highway Capacity Manual (HCM 2000b)
defines LOS as a quantitative performance measure categorised into 'A' to 'F', with 'A'
indicating optimal conditions and 'F' indicating the worst, based on the quality of service (QOS)

of each facility.

It is critical to consider both quantitative and qualitative aspects when evaluating LOS.
Quantitative aspects involve measuring physical attributes such as sidewalk width, surface
condition, and the presence of obstacles. On the other hand, qualitative aspects involve
capturing user perceptions and experiences through subjective rating scales or surveys (Nag et
al. 2020). PLOS models provide a systematic approach to assessing the quality and
performance of pedestrian facilities (Nag et al. 2020). The user perception survey is valuable
for evaluating pedestrian facilities and can complement PLOS methodologies (Hasan et al.,

2015).

Table 2.11 Examples of level of service methods

LOS model Significant indicator Source
Highway Measures quantitative criteria such as pedestrians’ speed, HCM (2010)
Capacity pedestrian unit flow rate, and average pedestrian space
Manual (HCM)

¢ Lateral separation elements between pedestrians and motor
Landis et al.'s vehicle traffic Landis et al.
Model e Motor vehicle traffic volume (2001)

e Motor vehicle spees and mix

e Traffic volumes nighbourhing avenues
e Infrastructure conflict point

o Traffic volumes of neighboring avenues

Petritsch etal's ¢ [nfrastructure conflict points Petritsch et al.
model (2007)
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LOS model Significant indicator Source

Trip quality method focus on nine measures:
Trip Quality e Enclosure and Definition: psychological and physical sense of Florez etal.
Method space and boundary provided by the surrounding environment) ~ (2014); Asadi-
o Complexity of Path Network: the intricacy and variety of the Shekarietal.
walking paths available) (2013a)
¢ Building Articulation: the architectural detailing and features of
buildings that pedestrians encounter
e Complexity of Space: the spatial variety and visual interest
offered by the pedestrian environment
¢ Transparency: the visibility and openness within the pedestrian
environment
e Buffer: the separation and protection between pedestrians and
vehicular traffic
e Shade Trees: Provides shade and comfort for pedestrians,
enhancing the walking experience
e Overhangs, Awnings, Varied Roof Lines: These elements
provide protection from the weather and add visual interest
e Physical Components and Conditions: the overall physical state
and maintenance of the pedestrian facilities

2.7.1 Pedestrian Level of Service

Evaluation tools for pedestrian facility are crucial for identifying inadequate or unsafe areas,
understanding pedestrian behaviour and experience, and prioritising investments in
infrastructure (Lima and Machado 2019; Nag et al. 2020b). They help policymakers and
practitioners to prioritise investments, allocate resources effectively, and develop more
effective policies and interventions. These tools also enhance the pedestrian experience,
promoting a safer environment for all road users (Nag et al. 2020b). For example, Pedestrian
Level of Service (PLOS) is a measure that evaluates the quality and performance of pedestrian
facilities (Asadi-Shekari et al. 2014; Daniel et al. 2016; Bivina et al. 2018), focusing on factors
that affect mobility, comfort, safety, and convenience (Raad and Burke 2017; Marisamynathan
and Lakshmi 2018). It is a crucial tool for developing standards for pedestrian facilities and
indicates the environmental qualities of a pedestrian space (Jegan Bharath Kumar and

Ramakrishnan 2020).

PLOS can be based on parameters such as pedestrian space, pedestrian flow rate, walking
speed, comfort, accessibility and volume-to-capacity ratio, with derived thresholds for different
levels of service (Shah et al. 2016). It is a qualitative and quantitative assessment of the quality
of pedestrian infrastructure and walking conditions, assessing how well facilities meet user

needs (Rahul and Manoj 2020). The concept serves as a guide for developing standards for
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pedestrian facilities and reflects users' perceptions of the level of service they receive (Jegan
Bharath Kumar and Ramakrishnan 2020). Typically, transport planners categorise PLOS into
six levels, from A (best condition) to F (worst condition), which reflect varying degrees of

safety, comfort, and efficiency for pedestrians (Benhadou et al. 2024).

The level of service criteria for pedestrian facilities is determined by the density and speed of
individual movements (Rastogi et al. 2014; Sahani et al. 2017; Zannat et al. 2019). Factors such
as gender, age, traffic flows, comfort, frequency of walking, and facilitation for people with
disabilities were considered necessary (Lazou et al. 2015). Comfort, security, and path
direction determine the quality of a trip, which in turn determines satisfaction with a footpath
facility. Satisfaction differs with gender, with women rating most factors less satisfactory than
men (Arshad et al. 2016). Pedestrians focus on aspects such as maintenance and planning of

pedestrian facilities to brand the walkway as attractive and comfortable (Zannat et al. 2019).

PLOS studies use various analysis techniques, such as statistical models, simulation models,
and subjective rating scales, to categorise the quality and performance of pedestrian facilities
(Nag et al. 2020b). Some studies focused on pedestrian flow characteristics, such as Banerjee

et al. (2018).

Table 2.12 Examples of Pedestrian level of service methods

LOS model Significant indicator Source
Highway Capacity e Pedestrian flow rate Sahani and Bhuyan
Manual (HCM) e Pedestrian speed (2017); (Ye et al. 2015);

(Marisamynathan and
Vedagiri 2018); (Kang et
al. 2013); (Hasan et al.

e Pedestrian space

2015)
The Landis method e Separation between pedestrians and motor Landis et al. (2001)
vehicles,

e Sidewalk presence

e Traffic mix,

e Traffic volumes,

e Traffic speeds
Trip Quality ¢ Enclosure/definition Nikiforiadis et al. (2021);
Method e Complexity of path network Hasan et al. (2015)

e Building articulation

e Complexity of spaces

e Overhangs/awnings/varied roof lines
e Buffer

e Shade trees

e Transparency

e Physical components/condition
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LOS model Significant indicator Source

Pedestrian Comfort e Area type Georgiou et al. (2021)
Levels (PCLs) e Impact of street furniture

e Level of crowding
The Quality of e Accessibility Florez et al. (2014);
Pedestrian Level of o Comfort Talavera-Garcia and
Service (Q-PLOS) o Reliability Soria-Lara (2015);

e Convenience Georgiou et al. (2021)

e Security

o Safety

e Sociability
Tan Dandan The primary factors include: TAN et al. (2007)
Method e Road transect form

o Pedestrian flow characteristics

¢ Vehicle and bicycle flow characteristics
e Obstruction

Frequency of driveway access

Gainesville Method e Pedestrian Facility Karatas and Tuydes-
e Conflicts Yaman (2018)
e Amenities
e Motor Vehicle LOS
e Maintenance

TDM/Multi-Modal

Methodologies for measuring pedestrian level of service

Evaluating PLOS involves a multifaceted approach that considers a variety of factors, both
quantitative and qualitative (Asadi-Shekari et al. 2014). The most frequently considered factors
include footpath width, footpath conditions, traffic volume, traffic speed, traffic control
measures, pedestrian perception, pedestrian flow and speed, and pedestrian characteristics
(Marisamynathan and Lakshmi 2018; Yadav et al. 2023). PLOS aims to assess the overall
quality of service provided by footpaths, taking into account the walking experience and
subjective attributes that pedestrians encounter while using these facilities, and creating an
inclusive environment for all pedestrians, including those with disabilities (Bivina et al. 2018).
Traditional methods emphasise quantitative measures such as flow, speed, and density
(Sisiopiku et al. 2007), while researchers suggest considering qualitative factors such as
comfort, safety, and attractiveness (Khisty 1994).

The Highway Capacity Manual (HCM) is the most widely known methodology for determining
LOS, defining six different levels of service (HCM 2010). The primary criterion for
determining LOS is the average pedestrian space (m2/pedestrian), with supplementary criteria
including pedestrian speed (m/s) and unit flow rate (pedestrians/min/m) (Kang et al. 2013;
Sahani and Bhuyan 2017). The HCM's methodology is crucial for pedestrian infrastructure,
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ensuring safety, comfort, efficient space utilization, and flow management (Ye et al. 2015). It
provides detailed procedures for measuring and analysing pedestrian traffic, which help in the

design and evaluation of pedestrian-friendly environments (Georgiou et al. 2021).

The Landis method, is a multi-variable regression analysis that considers factors such as lateral
separation between pedestrians and motor vehicles, sidewalk presence (Hasan et al. 2015),
traffic mix, volumes, and speeds (Nikiforiadis et al. 2021). It was developed in 2001 by Landis
et al. (2001) to identify variables influencing pedestrian perceptions, focusing on safety (Kang
et al. 2013). The Landis method measures PLOS based on field measurements of pedestrian

perceptions of service quality,

The Trip Quality Method is a comprehensive approach developed by Jaskiewicz et al. (1999).
TQM integrates urban design principles with safety and capacity considerations (Hasan et al.
2015), defining nine qualitative parameters such as enclosure, path network complexity, and
shade trees (Georgiou et al. 2021). It uses a point-system approach to evaluate LOS on a scale

of 1 to 5 (Nikiforiadis et al. 2021).

The Quality of Pedestrian Level of Service (Q-PLOS), introduced by Florez et al. (2014),
focuses on the most influential attributes on pedestrians' choice for walking, including
accessibility, comfort, reliability, convenience, security, safety, and sociability (Talavera-
Garcia and Soria-Lara 2015). It bridges infrastructure design with walking needs, using

indicators related to walking needs to assess pedestrian environments (Georgiou et al. 2021).

The Petritsch et al. (2007) model explores the relationship between pedestrian and road traffic
facilities, focusing on the impact of traffic volumes and potential conflict points within
infrastructure. These factors, particularly at intersections or crossings where pedestrian and
vehicular traffic might intersect, shape the model's understanding of pedestrian level of service
(LOS) (Petritsch et al. 2007).

Pedestrian Delay Models estimate pedestrian delay at signalised intersections, considering
factors such as arrival patterns, crossing speeds, compliance behavior, and vehicle interactions,
which help in understanding PLOS in mixed traffic conditions (Nagraj and Vedagiri 2013a).
Fruin (1971) introduced the PLOS method, a sidewalk capacity and volume-based approach
that categorises service levels into six levels (A to F).

Pedestrian Comfort Levels (PCLs) are a concept introduced by Transport for London's 2010
"The Pedestrian Comfort Level Guidance" to assess pedestrian facilities based on factors such

as area type and street furniture impact (Landis et al. 2001). PCLs are classified based on

56



crowding levels in these facilities. Landis et al. (2001) PCL model found that factors such as
lateral separation elements between pedestrians and motor vehicle traffic, motor vehicle traffic
volume, motor vehicle speed, and motor vehicle mix significantly influence pedestrians'
perceived Level of Service (LOS) (Georgiou et al. 2021). This highlights the importance of
considering both physical environment and traffic conditions in determining pedestrian
comfort. PCLs aim to categorise pedestrian environments based on crowding. Landis et al.
(2001) model employs stepwise multivariable regression analysis to identify significant factors

like lateral separation elements, motor vehicle traffic volume, and speed.

The "Overall LOS" was introduced by Muraleetharan et al. (2000) to describe the overall
condition of sidewalks for pedestrian travel, considering the total utility value of the
infrastructure. This holistic assessment focuses on the overall state and usability of pedestrian
facilities, unlike quantitative metrics-focused methods Muraleetharan et al. (2000).

Some of the LOS models are density-based schemes, such as Fruin (1971) and the HCM
(2000a), which often determine service levels based on pedestrian density. Numerous studies,
including Kang et al. (2013); Sisiopiku et al. (2007); Landis et al. (2001); and Jensen (2008),
employ user perception surveys to assess PLOS and pedestrian comfort. Further, several
studies, including Kang et al. (2013); Asadi-Shekari et al. (2013a); Asadi-Shekari et al. (2014);
Nag et al. (2020b); Rahul and Manoj (2020), have employed multidimensional models.

Paul et al. (2024) used machine learning algorithms to assess PLOS for different journey
purposes, such as work, education, and recreation trips. They used data from pedestrian surveys
and sensors to identify the major influencing factors affecting PLOS for each trip purpose using
Mutual Information Gain and develop machine learning models for each trip purpose
separately using Random Forest and Light-GBM algorithms in Python (Paul et al. 2024).

Bellizzi et al. (2021) used stated preference surveys to assess young pedestrians' preferences,
emphasising the importance of environmental factors over physical path characteristics such
as width. This method suggests that improving perceived environmental quality can enhance

pedestrian satisfaction, highlighting the role of user perception in determining PLOS.

Meneses and Buluran (2022) propose a model that uses a Pedestrian Performance Assessment
Questionnaire (PPAQ) to identify predictors of pedestrian performance, such as space and
ambiance, and employs ordinal regression analysis to develop a predictive model for pedestrian
conditions, emphasising the importance of a multi-faceted evaluation. Georgiou et al. (2021)

study focused on sociodemographic attributes and perceived comfort. They reveal that
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sociodemographic attributes, such as gender and age, significantly influence perceived LOS.
Rahul and Manoj (2020) propose a framework to understand pedestrian perceptions,
incorporating response heterogeneity and latent correlations. They use clustering
methodologies to categorise LOS and stress the significance of personalised assessments in

PLOS evaluation.

Cepolina et al. (2018) propose a methodology based on perceived comfort, quantifying
discomfort based on interpersonal distances. This aligns with Jia’s et al. (2022) findings that
walking velocity is a more accurate indicator of perceived congestion than local density. These
studies underscore the importance of psychological factors and perceived comfort in PLOS
assessments. Vallejo-Borda et al. (2020) created a cognitive map to understand pedestrian
perceptions of footpath quality, identifying latent variables such as footpath characteristics and
externalities that influence perceived quality of service, offering a comprehensive framework
for understanding pedestrian perceptions. The framework focuses on accessibility,
convenience, and comfort (Lima and Machado 2019). Some of the methodologies used in this
approach are surveys and field observations where an assessor considers the walking
environment (Raad and Burke 2018). Some areas factored using this method include pedestrian
flow, obstacles, surface conditions, and footpath width. Tracking through GPS and other
mobile applications is one of the technologies used to capture manual surveys (Trasberg et al.

2021).

The PLOS also utilises different models, such as algorithms and mathematical equations for
estimations (Ahmed et al. 2021; Alavianmehr et al. 2023). These models use different
parameters, including the volume of pedestrians, intersection waiting times, and footpath width
(Singh et al. 2022). Other factors considered in the models include road users' safety. The
performance indicators are equally quantitative, with metrics that evaluate aspects such as the
experience using the walking infrastructure (Hristov and Chirico 2019; Zannat and Choudhury

2019).

There are several common factors that appear across different PLOS models and indices. For
example, pedestrian flow characteristics are critical in a variety of models, including the Fruin
(1971), HCM (2010) methods, and other quantitative approaches (Kadali and Vedagiri 2016)
as well as pedestrian delay (Nagraj and Vedagiri 2013a; Ye et al. 2015). These models take
into account density-related factors like pedestrian volume, density, speed, and flow rate (Shah

et al. 2016; Shu et al. 2022). Various models consistently highlight safety and comfort factors,
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including perceived safety from crime and accidents (Miller et al. 2000; Rahul and Manoj
2020), sidewalk width, buffer zone, lighting, sidewalk quality, and obstructions (Kang et al.
2013; Kadali and Vedagiri 2016; Bivina et al. 2018; Raad and Burke 2018).

PLOS models consider potential conflicts between pedestrians, cyclists, and vehicles (Ye et al.
2015; Bivina et al. 2018), evaluating the level of conflict and interaction, including vehicle
volumes and speeds (Rahul and Manoj 2020; Georgiou et al. 2021). Furthermore, the
intersection and traffic control measures for pedestrian crossings consider factors such as signal
timing, crosswalk design, and the presence of medians or pedestrian refuges (Jagannathan and
Bared 1939; Nagraj and Vedagiri 2013a). Environmental factors, such as sidewalk surface
quality and the presence of street furniture, are also critical in the LOS evaluation (Hasan et al.
2015; Kadali and Vedagiri 2016; Raad and Burke 2018; Rahul and Manoj 2020). Finally, the
newest models are incorporating user perceptions of the walking environment through surveys

or video-based assessments (Kang et al. 2013).

Video recordings and on-site measurements of pedestrian facilities are two common methods
used in research to gather data. For instance, Kim et al. (2014) study used video recordings at
28 distinct locations to analyse variables such effective sidewalk width, pedestrian volume, and
evasive movements. Pedestrian movements can be tracked and variables like density and speed

can be measured using sophisticated video analysis techniques (Campisi et al. 2019).

2.7.2 Cycling level of Service

The Cycling Level of Service (CLOS) (Parks et al. 2013a) is a quality of service framework
that assesses the performance of transport facilities from a traveller’s perspective. Originally
used for motor vehicle evaluation, CLOS has been developed for bicycles and other modes
(Elias 2011; Asadi-Shekari et al. 2014). It evaluates the quality and effectiveness of cycling
infrastructure and the overall experience of cyclists using it (Griswold et al. 2018). CLOS
considers factors such as traffic volumes, bike-lane width, road conditions, and dedicated lanes
or shared-lane-use markings (Fagnant and Kockelman 2016). It reflects the comfort, safety,
and convenience experienced by cyclists on a given roadway segment (Griswold et al. 2018).

Transport agencies use CLOS to assess and monitor the performance of roadway infrastructure

for cyclists (Elias 2011).

The Bicycle Compatibility Index (BCI) is a tool developed by Harkey et al. (1998) to assess

the safety of cyclists on various types of roads. It incorporates variables related to cycling
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collision risk and travelling safety, aiming to measure cyclists' perceived safety by accounting
for factors influencing conflicts between cyclists and motor vehicles. The Highway Capacity
Manual (HCM) Bicycle Level of Service (BLOS) is a model that evaluates bicyclist comfort
based on traffic volume, speed, lane width, and pavement conditions. The Bicycle Safety Index
Rating (BSIR), developed by Davis (1987), assesses physical and contextual factors related to
cyclists' safety, such as traffic, lanes, speed limit, lane width, and pavement condition. It
provides a structured method for identifying hazards and improving infrastructure to enhance
cyclist safety, aiding planners and engineers (Xie and Spinney 2018). The Danish Road
Directorate Bicycle Level of Service (DRD-BLOS) model is a methodology used to assess
bicyclist satisfaction with bicycle facilities along road links (Parks et al. 2013b). The model

was initially developed by Jensen (2007) using a cumulative logit regression model.

The Level of Traffic Stress (LTS) is a tool that categorises cyclists based on comfort and skill
levels, ranging from LTS1 (suitable for cautious riders) to LTS4 (strong and fearless)
(Griswold et al. 2018). It aims to provide a more meaningful rating than traditional 'A’' through
'F' scores, acknowledging different behaviours and preferences among cyclists. However, it

assumes all cyclist types fall on an ordinal scale of skill and comfort (MIT 2013).

The European Cyclists' Federation developed the Cycling Level of Service (CLoS) as a
standardised, objective measure to evaluate the quality and safety of cycling infrastructure
(Griswold et al. 2018). CLoS helps compare local and international cycling routes and places,
focussing on safety, directness, coherence, comfort, and adaptability (Buehler and Dill 2016).
The system rates cycling service from 0 to 5, evaluating ten factors that affect a cyclist's
journey, such as road surfaces, traffic volumes, speed, bicycle parking, and defined routes
(Snizek et al. 2013). The 0-5 scale provides a fast, objective assessment of bicycle
infrastructure, allowing local authorities to identify areas with inadequate bike infrastructure
and enhance them for a safe and enjoyable cycling experience (Griswold et al. 2018). This
helps local authorities identify areas with inadequate bike infrastructure and improve the
overall cycling experience (Huang et al. 2021). The Bicycle Environment Quality Index
(BEQI) assesses the quality of the bicycling environment, considering factors like lighting,
which indirectly affect social safety (Xie and Spinney 2018).

Traditional methods, including questionnaires and video clips, may not fully capture the
perspectives of actual bike riders. The assumption that volunteers in the Virtual Reality (VR)

method (Liang et al. 2021) do not recall their actual riding experiences may affect data
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reliability. Further, VR-based methods can be costly and technologically demanding,
potentially limiting their widespread adoption. The development of these models for
homogeneous conditions in developed countries limits their applicability to diverse traffic
conditions, making them difficult to transfer to heterogeneous traffic conditions in developing
countries (Parks et al. 2013b). Such models often neglect subjective factors and do not account
for environmental health impacts such as air pollution exposure for cyclists, particularly in

disadvantaged communities (Qian and Wu 2019).

Complexity found in some models, such as Ewing and Cervero's Five Ds, can make data
collection and analysis complex and resource-intensive (Wang 2013). In addition, some models
are of limited scope, such as the Landis et al. (1997) model, which focusses on lateral
separation, motor vehicle traffic characteristics, and motor vehicle mix, potentially neglecting
other factors like cyclist behaviour, road surface quality, and environmental conditions
(Nikiforiadis and Basbas 2019). Furthermore, some models have quantitative bias, such as the
Petritsch et al. (2007) model, which relies on quantitative factors such as crossing widths and
traffic volumes; thus, it may not fully account for qualitative aspects such as user comfort and

perceived safety (Nikiforiadis and Basbas 2019).

Table 2.13 Examples of Cycling level of service methods

CLOS model Main variables Source

e Average motor vehicle traffic
The Bicycle Safety Davis (1987)

e Number of travel lanes
Index Rating (BSIR) o
e Speed limit
¢ Width of the outside lane
¢ Pavement condition
¢ Traffic Speed: Higher traffic speeds generally increase
Level of Traffic Stress . MIT (2013)
stress levels for cyclists
(LTS) . .
e Traffic Volume: Greater volumes of motorised vehicles can
lead to higher stress levels
e Lane Width: The width of lanes, particularly those shared
with motor vehicles, affects the stress levels
e Presence of Parking Lane: The presence and utilisation of
parking lanes impact the perceived safety and stress of

cyclists
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CLOS model Main variables Source

¢ Bikeway Width: Adequate width of bikeways can reduce
stress

e Presence of Bicycle Facilities: Dedicated bicycle lanes or
paths significantly reduce traffic stress

e Motor vehicle traffic volumes

The Bicycle . Harkey et al.
e Lane width

Compatibility Index ) (1998)
e Motor vehicle speed
(BCDH
¢ Pavement condition
e Proportion of heavy vehicles
¢ Land use density

e Presence of parking lanes

¢ Residential areas

Researchers have employed qualitative research methods such as interviews, semi-structured
questionnaires, focus groups, and accompanied ride-alongs to explore the cognitive and
affective aspects of individuals' cycling experiences (Hull and O’Holleran 2014). The primary
factors identified as impediments to cycling include high traffic volume, challenging
topography, inadequate provision of bike lanes or trails, a lack of secure cycling infrastructure
nearby, and substandard road maintenance (Lee and Moudon 2008; Van Duppen and Spierings
2013). Megha and Srikanth (2023) placed significant emphasis on the significance of cycling
and the evaluation of bicycle LOS. The authors discussed the various factors that influence
LOS and provided an explanation of the process involved in preparing the questionnaire and

utilising the BCI formula.

Cycling Auditing Tools (CAT) uses a qualitative ‘structural rating’ to evaluate existing cycling
infrastructure and identify ways to improve it, including routing, intersection design, traffic
speed/volume, and bicycle parking (Gullon et al. 2015). The quantitative scoring methodology
assigns 0-4 ratings to bicycle infrastructure components (Lee and Talen 2014), including route
integrity, intersection design, traffic speed, bicycle parking, and maintenance (Ruiz-Padillo et
al. 2021). This data is used to assess the quality of cycling infrastructure. The CAT tool
evaluates bicycle infrastructure and suggests improvements for safety and comfort. It helps
authorities assess bike infrastructure and prioritise safe projects. CLoS measures bicycle
infrastructure quality using ten parameters, while CAT analyses strengths and flaws to improve

cycling safety and comfort.
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Behavioural modelling is a critical method for assessing BLOS, involving detailed surveys to
capture cyclist habits and preferences. Segmenting cyclists into groups using a latent class
choice model provides a nuanced understanding of preferences, thereby improving the
empirical basis for BLOS measures (Griswold et al. 2018). Geographic Information Systems
(GIS) are used to evaluate BLOS indicators such as the BCI and the LTS, which are tested
against real-world route choice data to identify how well they can predict cyclists' preferred
routes, especially in mixed traffic urban environments (Pritchard et al. 2019). The LTS measure
has been adapted for network-level analysis, enabling a comprehensive assessment of bike
network connectivity and offering practical applications in infrastructure management (Bearn
et al. 2018). Furthermore, Nikiforiadis’s et al. (2021) investigated methodologies for shared
spaces involving cyclists and pedestrians, comparing different LOS assessment techniques and
incorporating user opinions for effective evaluation, which is critical for sustainable mobility

in urban design solutions.

Strength and limitations of the level of service

The PLOS offers an objective framework for assessing the quality of pedestrian facilities and
infrastructure, helping in the planning and enhancement of walkability in urban environments
(Hubbard et al. 2007). Various methodologies encompass several factors influencing
pedestrian mobility, including pedestrian delay, spatial availability, and perceived comfort
(Hubbard et al. 2007; Asadi-Shekari et al. 2014). This inclusiveness can result in more

informed decisions concerning pedestrian infrastructure.

The LOS can be tailored to specific environments, such as urban streets versus campus settings,
allowing for a more relevant application in diverse contexts (Asadi-Shekari et al. 2014). The
PLOS framework provides a quantifiable assessment using distance and time measures,
enabling benchmarking and comparison of areas for improvement (Kadali and Vedagiri 2015;
Marisamynathan and Vedagiri 2019). It is a comprehensive assessment method that considers
subjective attributes such as comfort, safety, convenience, and attractiveness (Nagraj and
Vedagiri 2013b), beyond simple measurements such as speed and density (Kuan-Min et al.
2010; Bivina et al. 2018). It provides detailed data for critical decisions impacting urban
designs and transport systems, affecting policy-making processes and planning (Benton et al.
2023). This evaluation method is critical for prioritising resources and interventions related to

walking infrastructure (Young et al. 2020), considering the effect of different land uses on
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pedestrian perceptions of sidewalks, allowing for more accurate assessments and targeted

improvements (Bivina et al. 2018).

PLOS aims to provide an efficient and compatible method for assessing street level sidewalk
quality. It is designed to be applicable in various contexts, enabling the evaluation of sidewalks
across diverse land uses (Bivina et al. 2018). The approach enhances the inclusivity and
engagement of stakeholders in the assessment process (Benton et al. 2023). Among the major
data sources, it relies on surveys from pedestrians, the primary stakeholders (Global
Infrastructure Hub 2019). PLOS emphasises the value of pedestrian perceptions and
experiences. It considers the needs and expectations of pedestrians, ensuring that the

assessment reflects their perspectives and priorities (Bivina et al. 2018).

CLOS models focus on cyclist safety and comfort, highlighting the importance of connectivity
and convenience in cycling routes (Félix et al. 2020). They can be adapted to different urban
settings, addressing specific challenges faced by cyclists (Nikiforiadis and Basbas 2019).
CLOS assessments measure the impact of cycling infrastructure projects, such as bike lanes
and bike-sharing systems, allowing for comparisons before and after implementation
(Nikiforiadis and Basbas 2019). By identifying and improving critical infrastructure elements
like segregated bike lanes and safe intersections, CLOS can help cities create cycling-friendly
environments, promoting active transportation and reducing car reliance (Félix et al. 2020).
CLOS tools offer objective measures of cycling quality, including traffic safety, route
continuity, directness, attractiveness, and social safety, allowing for both quantitative and
qualitative analysis of cycling environments for a holistic evaluation (Xie and Spinney 2018).
The use of a latent class choice model can enhance CLOS measures by identifying and

addressing the unique preferences and comfort levels of different cyclists (Griswold et al.

2018).

However, the LOS has several limitations, including a simplified approach to representation.
The models, numerical grades, and ratings assigned to the frameworks used in this method are
not complex enough to match the dynamics of walking infrastructure (Marisamynathan and
Lakshmi 2018). This comprises capturing the subjective aspects of quality, satisfaction, and

comfort (Ni et al. 2013).

Moreover, the model's scope is limited, making it difficult to capture other underlying factors

related to the pedestrian experience (Marisamynathan and Vedagiri 2019). It focuses solely on
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the physical aspects of road usage infrastructure. There is a total disregard for other elements
that influence road use, such as perceptual, cultural, and social factors (Alonso et al. 2017).
This contributes to its ineffectiveness, considering that the elements impact pedestrians'
behaviour and preferences. Another limitation of this method relates to the accuracy and
availability of data (Nowell et al. 2017). It is challenging to acquire enough data to help
formulate research and conclude on the quality of walking infrastructure (Zito et al. 2015).
Data collection involves pedestrian counts, field observations, and surveys. Besides being
hectic, these data sources are resource intensive and require too much effort (Mukherjee and

Mitra 2022).

Further, LOS models often rely on assumptions such as uniform pedestrian arrival rates and
fixed crossing speeds, which may not accurately represent real-world conditions, particularly
in mixed traffic environments (Marisamynathan and Vedagiri 2018). Traditional models often
fail to account for pedestrian noncompliance with signals and the varying behaviours that can
impact delay and safety (Marisamynathan and Vedagiri 2018). Some pedestrian LOS
assessments may not adequately consider the needs of all users, including those with
disabilities or varying mobility levels, resulting in insufficient evaluations (Asadi-Shekari et
al. 2014). Local conditions, such as how people in that area feel about walking and driving, can
have a big effect on how well LOS works, which could make it harder to use standard measures
in different areas (Luo et al. 2018). PLOS is a subjective assessment tool that relies on
pedestrian perceptions and experiences, making it challenging to create a standardised tool that

accurately reflects the needs and expectations of all pedestrians (Bivina et al. 2018).

Traditional PLOS methods fail to fully capture the complexity of pedestrian mobility,
influenced by urban design and connectivity (Stangl 2012). Alternative indices like Q-PLOS
emphasise urban design quality and public preferences, providing a more nuanced
understanding of pedestrian needs (Talavera-Garcia and Soria-Lara 2015). There is currently
no standardised method for assessing PLOS, and different studies may use different criteria
and metrics. This lack of standardisation can make it difficult to compare results across studies
or to develop consistent guidelines for improving sidewalk quality (Bivina et al. 2018). PLOS
primarily focusses on sidewalks and pedestrian facilities and may not consider other factors
that can impact the pedestrian experience, such as weather conditions, lighting, or street
furniture (Bivina et al. 2018). Conducting a PLOS assessment can be resource-intensive,

requiring significant time and effort to collect data and analyse results. This can make it
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challenging to conduct assessments on a large scale or in areas with limited resources (Bivina

et al. 2018).

Developing accurate PLOS measures presents several challenges. One challenge is the need
for more evidentiary support to justify including many measures (Rastogi and Mohan 2015).
This suggests that some measures used in PLOS may have a weak empirical basis (Bivina et
al. 2018). Another challenge is the need for more testing of PLOS audit tools to ensure inter-
rater reliability for measuring personal items (Papadimitriou et al. 2009). This means that
subjective factors such as safety, convenience, and attractiveness may require more work to
measure consistently across different environments. Furthermore, the complexity of PLOS
factors, including qualitative factors, necessitates complex measurement, analysis, and
interpretation methods (Asadi-Shekari et al. 2013b). The interaction and overlap between
factors further complicate the measurement process (Raad and Burke 2017). Capacity-based
modelling, which is one approach used to evaluate PLOS, has been criticised for the

insignificant acceptability of modelling outputs by pedestrians at times (Raad and Burke 2017).

Numerous challenges arise when evaluating the quality of walking infrastructure. Several
challenges affect the assessment of the quality of walking infrastructure. Quality and
availability of data are among the challenges because of the complexities surrounding the
walking infrastructure (Oladimeji et al. 2023). Furthermore, the accuracy of the findings may
be compromised by subjectivity and perception, particularly when employing walking auditing
tools (Sabzali Yameqani and Alesheikh 2019). The inclusion of subjective factors introduces
further complexities in the measurement and analysis process. Additionally, including multiple
dimensions in the assessment presents challenges in accounting for all relevant factors (Wang
et al. 2020). The interconnection between comfort, accessibility, aesthetics, and social factors
is imperative in assessing the concept of walkability. Finally, limited resources and capacity
make it challenging to complete assessments (Benton et al. 2023). It demands efforts, expertise,

and resources that many organisations and municipalities consider a limitation.

2.8 Auditing tools

Auditing tools for walking and cycling are systematic methods (Brownson et al. 2009) used to
observe, evaluate, and document the physical environment's features and conditions that affect
pedestrian and cyclist activity (Clifton et al. 2007; ARRB 2011). These tools assess sidewalk

quality, bike lanes, street patterns (Cain et al. 2012a), public spaces, traffic conditions, and
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safety measures (Pritchard et al. 2019). They support research and local decision-making by
collecting primary data on physical features that are not commonly incorporated into GIS
databases (Moudon and Lee 2003). They range from detailed instruments for comprehensive

research to simpler tools for community use (Brownson et al. 2009).

Auditing tools are essential for assessing the safety conditions of non-motorised transport
facilities and roadways (Vanderschuren et al. 2014). They help in identifying potential hazards
and ensure the implementation of risk mitigation measures for all users, including cyclists and
pedestrians (Bowie et al. 2018). These tools enable planners and designers to identify areas of
improvement and ensure facilities meet user needs (Aumann and Arnold 2017). Further, these
tools are essential for continuous assessment of transport systems, ensuring performance
against benchmarks (Vanderschuren et al. 2014), maintaining service quality, identifying
improvement areas, aligning designs with guidelines, and monitoring facilities for progress
(MWHC 2004; TAC 2014). They help track progress, ensure infrastructure safety, and
maintain effective transport for users (The City of Newcastle 2012; Aumann and Arnold 2017).

Regular audits can identify existing issues in designs or operational practices, such as conflicts
between pedestrian and cyclist areas or insufficient lighting in off-road pathways (TAC 2014).
Auditing tools help in prioritising maintenance and upgrades, optimising resource use, and
identifying high-need areas for investment (Vanderschuren et al. 2014). These tools integrate
user perceptions (Bowie et al. 2018), which are essential for comprehending the experiential
aspects of infrastructure for cyclists and pedestrians. This user-centric methodology facilitates

informed decision-making regarding design and enhancements (Turner et al. 2017).

2.8.1 Walking audit tool

Walking auditing tools are used to evaluate and prioritise improvements in pedestrian
environments. These tools assess factors that affect pedestrian movement (Vanwolleghem et
al. 2016), such as pedestrian infrastructure, traffic safety, accessibility, and aesthetics (Miiller
et al. 2023), aiming to enhance pedestrian safety and accessibility (Davies and Clark 2009;
Kerr et al. 2012). For example, the Microscale Audit of Pedestrian Streetscapes (MAPS) Global
tool is used to evaluate pedestrian streetscapes along walking routes, with a focus on data
reliability from both on-site and online platforms such as Google Street View (Vanwolleghem

et al. 2016).
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The Virtual Systematic Tool for Evaluating Pedestrian Streetscapes (Virtual-STEPS) is a
Google Street View-based tool that remotely evaluates micro-scale characteristics of pedestrian
streetscapes, including pedestrian infrastructure and aesthetics, providing a cost-efficient
alternative for conventional field audits (Steinmetz-Wood et al. 2019). Similarly, the Madrid
Systematic Pedestrian and Cycling Environment Scan (M-SPACES) offers a viable method for
assessing urban environments remotely, thereby minimising resource demands (Gullon et al.

2015).

The MAPS-SRTS (Safe Routes to School) tool is used to evaluate the micro-scale
environments surrounding educational institutions, facilitating active commuting by analysing
human-scale factors and recording alterations resulting from infrastructure modifications
(Ganzar et al. 2024). The Walkability Audit Tool (WAT) (ARRB 2011) is designed for local
authorities, consultants, and community groups to assess pedestrian safety, accessibility, and
amenity. It includes forms covering various aspects of the walking environment, including
pathways, crossings, street furniture, personal safety, traffic, and aesthetics. The tool includes
criteria for pathway width, condition, obstructions, and connectivity for mobility-impaired
users (ARRB 2011). The Pedestrian Environment Review System (PERS), developed by the
UK's Transport Research Laboratory, evaluates pedestrian environments from the perspective
of vulnerable users, focusing on accessibility, permeability, and safety, using a software

module for data analysis (Gould 2011).

The Neighborhood Environment Walkability Scale (NEWS) assesses the walkability of
neighborhoods through surveys evaluating safety, aesthetics, and land use mix, including
sidewalk presence, traffic safety, and neighborhood aesthetic quality (Demdoum et al. 2024).
The Active Neighborhood Checklist (ANC) is a tool that evaluates the pedestrian
environment's quality for physical activity, focusing on factors like sidewalk conditions, traffic

safety, and amenities, including sidewalk width, ramps, and street lighting (Kim 2020).

Accessibility is a crucial factor in designing a safe environment, with models emphasising the
presence of sidewalks, crosswalks, and ramps for people with disabilities (Schopflocher et al.
2014). Safety is also a critical factor, with factors such as perceived and actual safety from
traffic and crime (Wilson et al. 2012), traffic calming features, lighting (Handy et al. 2002;
Tabatabaee et al. 2021), traffic volume, and speed being considered (Shaaban and Abdur-Rouf
2019). Aesthetic and environmental quality are also important, with models considering

cleanliness, greenery, and tree presence (Schopflocher et al. 2014). Amenities such as benches,
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water fountains, and recreational facilities are also considered (ARRB 2011; Tabatabaee et al.
2021). Social interaction and activity support are also important, with tools evaluating parks,
playgrounds, and open spaces (Flowers et al. 2019). Finally, connectivity is a key factor, with
pathways linking to destinations like schools, shops, and public transport (Handy et al. 2002;
ARRB 2011; Horacek et al. 2019).

2.8.2 Cycling audit tool

The cycling audit tools are used to evaluate various factors that influence cyclists’ perceptions
of the quality, safety, and attractiveness of cycling facilities (Bowie et al. 2018). Specifically,
they help to understand how different elements such as motor vehicle traffic, cycling facility
type and width, surface quality, and environmental conditions affect cyclists' experiences
(Aumann and Arnold 2017). Previous studies examined different assessment methodologies;
for example, the Landis et al. (2003) study developed a model to predict the perceived hazard
of bicyclists at intersections based on vehicle volume, motor width, and crossing distance.
Further, Joo et al. (2015) utilised GPS-based speed data from public bikes to evaluate a road

segment's capacity to safely and comfortably accommodate cycle traffic.

Identify potential safety issues affecting cyclists, such as dangerous intersections (Landis et al.
2003), inadequate lighting, or poorly maintained surfaces, and suggest measures to mitigate
these risks (London Cycling Campaign 2014). These tools aim to encourage more people to
cycle for transport and recreation, contributing to public health and reducing traffic congestion
by improving cycling conditions (Yamanaka and Namerikawa 2007). Assist urban planners,
engineers, and local governments in designing and maintaining cycling infrastructure that
meets cyclists' needs (Griswold et al. 2018), ensuring that cycling is a viable and safe mode of
transport. Engage local communities in the auditing process, allowing them to provide input
and feedback on cycling conditions, which can lead to more user-centred improvements

(Kazemzadeh et al. 2020).

The quality of cycling infrastructure, safety, accessibility, aesthetics, maintenance,
surveillance, and land use mix are all crucial factors in determining the success of a cycling
network (Gullon et al. 2015). Infrastructure quality refers to the availability of bike lanes, paths,
and parking. Safety is assessed by evaluating factors such as traffic safety, visibility, and the
presence of dedicated signals (Grabow et al. 2019). Accessibility and connectivity are
evaluated by assessing the network's ease of access to different parts of the city and its

integration with other transportation forms (Cerin et al. 2011). Aesthetics and comfort are
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considered, along with maintenance and usability. Surveillance measures are also evaluated to

enhance cyclists' sense of security.

Traffic volume, vehicle speed, road and lane width, bicycle infrastructure, pavement quality,
heavy vehicles, on-street parking, intersection density and design (Reiskin et al. 2014), sight
distances, and pedestrian and cyclist conflicts all play critical roles in determining the quality
of cycling infrastructure (Bowie et al. 2018). Traffic volume is measured as Annual Average
Daily Traffic (AADT) or the number of vehicles per hour, while speed is measured as the
posted speed limit or actual running speed. Roadway and lane width, as well as the presence
of dedicated bike lanes, painted lanes, and shared paths, have a significant impact on the level
of service (Gullon et al. 2015). Surface quality is a common factor, often rated on a scale to
assess the smoothness or roughness of the cycling surface. Heavy vehicles, such as trucks and
buses, are also considered due to their significant impact on cyclist comfort and safety. On-
street parking and potential conflicts with parked cars are also considered. Intersection density
and design, including traffic signals, stop signs, and pedestrian crosswalks, also impact the
flow and safety for cyclists. Finally, pedestrian and cyclist conflicts are evaluated to identify

potential issues.
Strength and limitations of the auditing tools

Auditing tools enable systematic observation and data collection of the physical environment,
capturing detailed information on street patterns, public spaces, and sidewalk quality
(Brownson et al. 2009). One of the strengths of walking auditing tools is their holistic
assessment, which captures objective and subjective views about the quality of the walking
infrastructure (Sulinda and Lo 2011). This comprehensive evaluation enhances the accuracy of
walkability in cities. It also uses qualitative and quantitative assessment (Kadali and Vedagiri
2016). Besides observations and measurements, these auditing tools use feedback and
perceptions (Kang et al. 2013). Furthermore, this tool encouraged stakeholder and community
engagement. The assessment involves community members who offer their input. It also helps
identify the areas where improvement is necessary. Once the assessment results are obtained,
one can identify areas that require intervention. They assist in identifying areas requiring
infrastructure improvements to enhance the safety and attractiveness of routes for pedestrians

and cyclists (Raad and Burke 2017).
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In addition, the design of some tools involves community members in data collection, which
enhances local awareness and fosters support for enhancements (Brownson et al. 2009). Many
tools have been tested for reliability and validity, ensuring that the data collected is consistent
and accurate. For example, the Pedestrian Environmental Data Scan (PEDS) audit
methodology has shown high reliability (Clifton et al. 2007). Finally, tools such as the
Microscale Audit of Pedestrian Streetscapes (MAPS) can capture a wide range of microscale
elements relevant to pedestrian and cyclist safety and comfort, making them versatile for

different environments (Cain et al. 2012a).

Contrarily, these tools for auditing walkability have limitations, such as subjectivity. Personal
experiences and opinions may influence the community and pedestrians' engagement through
questionnaires and surveys, leading to increased bias (Ewing et al. 2016b). When conducting
the evaluations, the tools also require a lot of resources. Auditors require training, time, and
other financial resources to conduct evaluations (Mukherjee and Mitra 2022). Additionally,
these tools have a limited scope, making them less comprehensive. The walking auditing tools,
like the pedestrian level of service framework, do not capture the behavioural, cultural, and
social factors (Nowell et al. 2017). It disregards the influences these factors have on the

pedestrian experience.

Moreover, auditing tools can be time-consuming and labour-intensive, particularly in large
areas, making them difficult to conduct comprehensively without substantial resources
(Brownson et al. 2009). Audit items, such as sidewalk condition and aesthetics, can be
subjective and subject to interpretation, resulting in variability in the data collected (Gullén et
al. 2015). High-quality audits often require trained personnel and can be costly, which may
limit their use in resource-constrained settings (Raad and Burke 2017). Existing tools often fail
to cater to all user groups, including those with disabilities, or capture all relevant
environmental features, limiting their comprehensiveness (Asadi-Shekari et al. 2019). Google
Street View's virtual audit tools provide convenience but may overlook temporally variable
features such as temporary obstructions or real-time traffic conditions, potentially impacting

audit accuracy (Gullon et al. 2015).

2.9 Summary and research gaps

This Chapter provided a critical overview of the published academic and grey literature related

to the factors related to cycling and walking infrastructure. The thesis identified 21 walking
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factors and 25 cycling factors. These factors were grouped in two separate experiments for
walking and cycling, respectively. Each experiment addresses different factors related to the
main five pedestrian and cycling needs. Factors for the walking experiment are: a) Safety: feel
of safety, traffic volume, traffic speed, lighting, visibility (Clear lines of sight), and buffer zone; b)
directness: footpath provision, location of crossings, crossings waiting time, gaps in traffic, and green
Man time; c) attractiveness: traffic control devices, walking barriers, and footpath materials; d)
cohesion: air quality, traffic noise, and dropped kerb and tactile paving; ) comfort: footpath
condition, footpath width, gradient, and street furniture and amenities. Further, factors for the
cycling factors are: a) Safety: dedicated pathway, conflict with HGVs, conflict at junctions,
traffic volume, traffic speed, conflict with kerbside activity, road markings and layout, fear of
crime, unnecessary hazards; b) attractiveness: air quality, secure cycle parking, isolation, noise
pollution, lighting; ¢) comfort: surface quality, pathway width, surface material, signage; d)
directness: cyclist priority, ability to maintain own speed on links, deviation of route, delay at

junction, gradient; e) Coherence: route provision for cyclist, ability to join/ leave route safely.

Although these factors have been extensively used to assess the quality of infrastructure, there
have been very few instances where these have been converted into a preference-based
elicitation instrument to identify priorities as these are viewed by citizens. This thesis is aimed
at filling this gap in the literature. As shown in the Chapter 3 and the analysis chapters that
follow on from that, the thesis uses several audit tools (i.e., objective measures of walking and
cycling infrastructure) to adapt them into a survey-based preference elicitation instrument using

a novel methodology called Best Worst Scaling.
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Chapter 3: Research Methodology

3.1 Research aim and objectives

The overarching aim of this study is to introduce a preference-based elicitation approach to
understand pedestrian and cyclist perceptions regarding the motivations for walking and
cycling. The outcome of this study is aimed at stimulating walking and cycling. This primary

aim was then associated with the following objectives:

e Critically review and evaluate challenges facing non-motorised travel,

¢ Identify relevant qualitative attributes related to walking and cycling infrastructure,

e Develop and validate an advanced survey-based preference elicitation instrument using a
novel method called Best-Worst Scaling (BWS) (Louviere et al. 2015), and

e Using that survey instrument, elicit individual preferences regarding the importance priority
of different aspects of walking and cycling infrastructure.

3.2 Research design

As illustrated in Figure 3.1, the research design in this thesis comprised four steps: (a)
identification of relevant walking and cycling factors as these emerged from a review of the
literature (Chapter 2) and further synthesis in Section 3.3.1; (b) survey design including the
generation of the BWS choices tasks and the associated questions (Section 3.7); (c) cognitive
testing of the BWS instrument via interviews and thematic analysis of the interview data
(Chapter 4); (d) data collection and quantitative analysis of the BWS data (Section 3.8 and
Chapters 5 and 6).
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Step 1

Identification of relevant walking and cycling factors

Step 2
Survey design Generation of the BWS choice
tasks
Generation of the associated
questions
Step 3
Cognitive testing of the BWS -Pm Interviews
instrument ¥
Thematic analysis
Data collection and quantitative analysis of the BWS data

Figure 3.1 Research design of the study
3.3 Walking and cycling auditing tools

3.3.1 Review of auditing tools

As shown in Figure 3.1, the first step in this study was to synthesise evidence from studies
published between 2010 and 2020 to establish documented factors that encourage (or
discourage) walking and cycling.

Auditing tools offer instruments crucial for assessing the quality of infrastructure related to a
transport mode. It mainly conducts and evaluates critical factors such as accessibility, safety,
and quality of the walking infrastructure (Zhang et al. 2023). Previous research documented
several tools for conducting quality assessments on the walking and cycling infrastructure.

The auditing tools that were reviewed for walking included:

e The Walking Route Audit Tool (WRAT) which was designed in line with the Active Travel
(Wales) Act 2013 that set goals to promote walking and cycling in local authorities in Wales
(Beynon et al. 2014);
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The Systematic Pedestrian and Cycling Environmental Scan (SPACES) which was
developed through a literature review and consultation with specialists from different fields.
SPACES includes subjective evaluations of the attractiveness and the level of physical
difficulty in the pedestrian and cycling environment (Pikora et al. 2002);

The Scottish Walkability Assessment Tool (SWAT) which was built upon the SPACES tool
and adjusted for use in urban Scotland. SWAT includes items of the physical environment
associated with physical activity such as path quality, access to destinations and other items
that appeared to be important in the UK context, such as the presence of buffer between road
and path (Millington et al. 2009);

The China Urban Rail Walking Access Scan Tool (CURWAST) which was developed to
assess rail station approach routes in Nanchang, China. CURWAST covers various
walkability characteristics of the high density built environment associated with the Chinese
cities. For example, the mismatch between stations planning and density of surrounding
areas (Sun et al. 2017);

The Irvine—Minnesota Inventory (IMI), which was devised in 2003 through a literature
review, a panel of experts, and focus group interviews. IMI consists of four main
dimensions: accessibility, pleasurability, perceived safety from traffic and crime. This tool
aims to measure features of the built environment linked to physical activity in the United
States (Boarnet et al. 2006);

The Environment in Asia Scan Tool - Hong Kong (EAST-HK), which was based on the
Chinese versions of the Neighbourhood Environment Walkability Scale (NEWS) and
mixture of other auditing tools (such as SPACES, IMI and the Analytic and Checklist Audit
Tool). These tools used to create EAST-HK tool under four objects of the built environment:
safety, functionality, destinations and aesthetics (Cerin et al. 2011);

The Pedestrian Environmental Data Scan (PEDS) which was built upon the SPACES tool
and adapted for use in the United States. PEDS is comprised of four sections; macroscale
environment, pedestrian facilities, road attributes, and the features of walking/cycling
environment (Clifton et al. 2007);

The Pedestrian Road Safety Audit (PRSA) which aims to assist transportation agencies with
a good awareness of pedestrians’ needs when conducting a road safety audit in the United

States (Nabors et al. 2007).

Regarding cycling factors, the auditing tools reviewed were:
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e The Cycling Route Audit Tool (CRAT) which is the other auditing tool with WRAT that
were both designed to promote active travel in Wales (Beynon et al. 2014);

e The Bicycle Road Safety Audit (BRSA) which was developed to provide transportation
agencies with a good awareness of cyclists needs when conducting a road safety audit in the
United States. The tool covers the safety standard of cyclists (Nabors et al. 2012);

e Cycling Level of Service assessment matrix (CL0S), which was developed by Transport for
London to assess routes environment for cycling. It also aims to raise discussion about
existing and potential cycling paths schemes to make cycling paths more pleasing for

existing cyclists and attract new cyclists (London Cycling Campaign 2014).

However, there are other auditing tools that are used for evaluating infrastructure quality such
as the Walking Environment Checklist (WEC) (Townshend 2014). This tool considers
amenities, safety, and condition of the roads and walking areas (Kang 2018). Besides, the WEC
tool also factors in the connectivity of the walking paths. Other elements include land use,
supportive features, signage, lighting, crossings, and footpaths (Ewing et al. 2013). WEC
considered the structural aspects of the walking environment (Hall and Ram 2018). For this
reason, it has a structured checklist that is factored in among the parameters. An example of a
rating scale question in shown in Table 3.1. Data collection for this tool is a survey where
trained auditors seek information from pedestrians (Aghaabbasi et al. 2018).

Further, the Pedestrian Environment Quality Index (PEQI) is also widely used to audit the
condition of a walking infrastructure (Kim et al. 2021). Through this tool, one can conduct an
assessment to determine whether or not a neighbourhood's quality of walking infrastructure
influences walkability (Manaugh and EI-Geneidy 2011). To conduct this assessment, one
considers the surroundings and other aspects close to the walking infrastructure. This includes
the attractiveness of the pedestrian environment and how it impacts walkability (Pivo and
Fisher 2011). Some of the parameters its assessment include amenities, convenience, comfort,
and safety (Ni et al. 2013). It primarily factors in the aesthetics of the environment in a walking
infrastructure (Javidroozi et al. 2023). It is extensive as it considers both objective and

subjective views to get a score (Pivo and Fisher 2011; Ni et al. 2013).

76



Table 3.1 Examples of rating scales or questions in auditing tools

Auditing tool Example of rating scales or questions

Source

Walking Route e Location of crossings in relation to desire lines:
Audit Tool 1. Crossings follow desire lines
(WRAT) 2. Crossings partially diverting pedestrians away
from desire lines
3. Crossings deviate significantly from desire lines

The Pedestrian e Presence, Design, and Placement:

Road Safety 1. Are sidewalks provided along the street?
Audit (PRSA) 2. Is the sidewalk width adequate for pedestrian
volumes?

3. Quality, Conditions, and Obstructions:

4. 1s the walking surface too steep?

5. Is the walking surface adequate and well-
maintained?

Cycling Route e Provision for cyclists throughout the whole length of
Audit Tool the route:
(CRAT) 1. Cyclists are provided with a continuous route,
including through junctions
2. The route is made up of discrete sections, but
cyclists can clearly understand how to navigate
between them, including through junctions
3. Cyclists are 'abandoned' at points along the route
with no clear indication of how to continue their

journey
Bicycle Road e Continuity and Connectivity: Are cycling routes or
Safety Audit facilities continuous?
(BRSA) e Lighting: Is the riding surface adequately lit?

o Visibility: Is the visibility of cyclists using the facility
adequate from the perspective of all road users?

China Urban e Buffers between road and path: Trees, Grass, Fence,
Rail Walking None
ACC?SS Scan e Path materials: Paving bricks or flat stone, Concrete
Too
(CURWAST)
The Systematic e  Path condition and smoothness:
Pedestrian and 1. Poor (a lot of bumps, cracks, holes & weeds)
Cycling 2. Moderate (some bumps, cracks, holes & weeds)
Environmental 3. Good (very few bumps, cracks, holes & weeds)
Scan (SPACES) 4. Under repair

e  Slope:

1. Flat or gentle
2. Moderate slope
3. Steep slope

(Beynon et al. 2014)

(Nabors et al. 2007)

(Beynon et al. 2014)

(Nabors et al. 2007)

(Sun et al. 2017)

(Pikora et al. 2002)
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Auditing tool Example of rating scales or questions Source

Cycling Level e Connections: Ability to join/leave route safely and (London Cycling
of Service easily Campaign 2014)
assessment 1. Cyclists cannot connect to other routes without
matrix (CLoS) dismounting
2. Cyclists share connections with motor traffic
3. Cyclists have dedicated connections to other
routes
e  Surface quality: Defects: non cycle friendly
ironworks, raised/ sunken covers/gullies
1. Major defects
2. Many minor defects
3. Few minor defects
4. Smooth, high-grip surface
The Scottish ¢ Walking surface (Millington et al.
Walkability 1. Type of path 2009)
Assessment 2. Path material
Tool (SWAT) 3. Path width
4. Path slope
5. Path condition
6. Path obstructions
The Irvine- ¢ Sidewalks: (Boarnet et al. 2006)
Minnesota a) How many sides of the street have sidewalks?
inventory (IMI) b) Is the sidewalk complete on one or both sides?
¢) What is the condition or maintenance of the
sidewalk?
d) sthere is a buffer (for example, parked cars,
landscaped “buffer” strip, etc.) between sidewalk
or street
Pedestrian ¢ Sidewalk completeness/continuity: (Clifton et al. 2007)
Environmental 1. Sidewalk is complete
Data Scan 2. Sidewalk is incomplete
(PEDS) e Path obstructions (all that apply):

a) Poles or Signs
b) Parked Cars
c) Greenery

d) Garbage Cans
e) Other

f) None

Finally, The Walkability Checklist is used to determine the quality of walking infrastructure
(Townshend 2014). This narrows the focus from the entire environment to the street, directly
influencing walkability (Hall and Ram 2018). This tool factors in a range of factors related to
the roads. For example, it evaluates the design of the intersection, accessibility features, street
furniture availability, and sidewalk continuity (Sheikh-Mohammad-zadeh et al. 2022). It also

captures views from different perspectives but relies on systematic evaluation (Shaaban
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2019a). The tool surveys community groups or individuals to evaluate the walkability of the
surrounding area (Ewing et al. 2016b). Its primary goal is to determine whether the walking
infrastructure is pedestrian friendly based on the conditions of the streets (Townshend 2014).

Cycling Auditing Tools (CAT) uses a qualitative ‘structural rating’ to evaluate existing cycling
infrastructure and identify ways to improve it (Gullon et al. 2015): routing, intersection design,
traffic speed/volume, and bicycle parking. A quantitative scoring methodology reinforces the
structural rating’s qualitative assessment by assigning 0-4 ratings to distinct bicycle
infrastructure components (Lee and Talen 2014). Route integrity, intersection design, traffic
speed, bicycle parking, and cycling infrastructure upkeep are scored (Ruiz-Padillo et al. 2021).
This data is used to score the cycling infrastructure’s quality. CAT evaluates bicycle
infrastructure and suggests methods to improve it for safety and comfort. Signage, striping,
bike lanes, and bike parking can be made. The tool can spot problems and suggest solutions
during planning. This tool helps authorities assess bike infrastructure and prioritise safe and
comfortable riding projects. CLoS and CAT measure bicycle infrastructure quality well. CL0oS
uses ten parameters to rate cycling service. CAT analyses bicycle infrastructure’s strengths and
flaws. These analyses can improve bike infrastructure and make cycling safer and more

comfortable.

These tools were generally designed and developed to measure physical activity and built
environments affecting walking and cycling in local neighbourhoods. We used a selection of
factors to be included in a survey environment to elicit pedestrian and cyclist preferences. The
preferences are based on what would be the highest and lowest priority for local councils to
pursue to encourage walking and cycling.

3.3.2 Methodologies and evaluation criteria

Walking auditing tools utilises a range of methodologies and criteria to assess the quality of
infrastructure. Surveys and questionnaires collect feedback to determine pedestrian satisfaction
(Ewing et al. 2016b). For this reason, it directly seeks this auditing tool relying on direct input
from pedestrians. To get extensive feedback on satisfaction, several parameters are considered,
including convenience, comfort, and safety (Forsyth 2015). Structured questions capture other
unique features of the walking environment (Anapakula and Eranki 2021). Factors such as
crosswalk visibility, conditions of the sidewalk, and the availability of amenities are
considered. In another instance, walking airing tools also use field observation to assess quality.
Expert auditors are used to capture the objective measures of the walking environment
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(Javidroozi et al. 2023). This on-field assessment focuses on the physical characteristics by
noticing features such as the width of the sidewalk. Capturing the actual conditions of the
walking environment enhances the accuracy of the evaluation as it combines other subjective

aspects in the evaluation.

The evaluation criteria used for these tools include comfort and amenities where seats, shades,
and drinking fountains are considered. The availability of public restrooms is also considered
with other factors, including landscaping and green spaces (Addas 2023). Another criterion
used is accessibility in the evaluation process. This explores if the walking environment
facilitates movement for people with disabilities by adding ramps and tactile indicators (Ewing
et al. 2016b). Safety and security are other essential criteria that factor in the well-being of the
pedestrian (Ni et al. 2013). Here, auditors notice the presence of surveillance cameras, lighting,
visibility, and other traffic calming measures (Ewing et al. 2013). Other than safety, auditing
tools observe the crossings and intersections. Conditions observed include whether or not they
are marked with traffic signs and other pedestrian refuge islands. Footpaths and sidewalks are
the last criteria that assess the continuity and width. Surface conditions, destruction, and

obstruction are the common factors focused on in this criterion.

3.3.3 The differences and similarities between audit tools and the level of service

Walking and cycling auditing tools are similar to the pedestrian and cycling level of service
approach to evaluating the quality of infrastructure. For example, audit tools provide a
comprehensive assessment of walkability and cyclability, an indicator of accessibility/level of
service (Xie and Spinney 2018; Kashian and Kashi 2022). As also shown in Table 3.2, auditing
tools and level of service complement each other by enhancing the identification of issues,
providing appropriate metrics to quantify them, and pointing towards possible interventions to
improve the infrastructure and offer an opportunity for stakeholder engagement (Kang et al.
2013).

On the other hand, pedestrian level of service brings to light the efficiencies in the walking
infrastructure using specific quantitative criteria (Ewing et al. 2013). Like walking audit tools,
the level of service highlights the areas of improvement by providing evidence-based metrics
that can be used to make critical decisions such as resource allocation. Therefore, both methods
complement each other as they help identify issues related to the quality of walking

infrastructure.
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However, some differences do exist between the two approaches. As shown in Table 3.2, in
terms of the level of service, the use of the technology is crucial in assessing the quality of
walking infrastructure (Strom and Chapman 2017). One of the critical areas it improves
includes data collection as it allows real-time relay of information using mobile applications,
GPS, and sensors (Elhashash et al. 2022). This creates ease in automating data collection, such

as pedestrian volume and patterns in movement (Chiang et al. 2021).

Table 3.2 Differences and similarities between walking audit tools and level of service (Sources: Ewing
et al. 2013; Kang et al. 2013; Strom and Chapman 2017; Xie and Spinney 2018; Kashian and Kashi 2022).

Audit tools Level of services

Similarities

¢ Provide an approach to assess the quality of infrastructure
e Help rank priorities for infrastructure investment
e Encourage stakeholder engagement

Differences

e Primarily qualitative and involve e Provides a quantitative measure of the
direct observation and assessment of performance of walking and cycling
the walking and cycling infrastructure facilities

¢ Objectively quantify how well the o Captures the subjective experiences of
infrastructure accommodates pedestrians and cyclists
pedestrian and cyclist needs
e Enables the use of multiple data
sources and techniques to assess the
quality of infrastructure

It also updates on factors such as conditions of sidewalks or the overall network of pedestrian
layout networks (Balado et al. 2020). The emergence of Geographic Information Systems
(GIS) improves the integration of data sources, including pedestrian infrastructure (Al-Bayari
2019). It also includes information such as transport networks, land use, demographics, and
infrastructure (Dvornik et al. 2017). These technologies allow the integration of visualisation
and data analytics, creating a better understanding of urban elements that impact walkability
(Torrens 2022).

3.4 Synthesis of factors related to the quality of walking and cycling

Following the review of the auditing tools as shown in the previous sections in Chapters 2 and

3, the next step was to ‘translate’ these into factors relevant to the quality of walking and
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cycling infrastructure. These factors were grouped into five categories: (1) coherence, (2)

directness, (3) safety, (4) attractiveness, and (5) comfort.

The initial list of factors was identified via the targeted review of validated auditing and scan
tools as these were reported in Section 3.3.1 (see, also the study design Figure 3.1). The priority
in the selection of factors, the first step in designing a BWS scaling experiment (Louviere et
al. 2015), and sequentially in the survey was to select factors mostly related to the quality rather

than the quantity of infrastructure for walking and cycling.

As shown in Table 3.3 shows the factors related to walking, and
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Table 3.4 summarises the factors related to cycling. The first column in each table shows the
selected factors for this study. The other columns show the auditing tools with the number of
items included in each tool. Cells highlighted in grey refer to how common is the chosen factor
across the auditing tools.

The authors of the auditing tools looked at different aspects related to the features of the
walking and cycling environment, such as land use, type of buildings and density, path
material, maintenance, obstructions and amenities. Another important element of the auditing
tools was safety, which includes: fear of crime, lighting, traffic control devices, crossing aids
and buffers between road and path. Further, dropped kerbs, tactile paving, gradient, signage,
air and noise pollution. The number of items in these auditing tools ranges from 27 to 162. This
significant difference is due to some auditing tools measuring both elements related to walking
and cycling (e.g. IMI, SPACES, and PEDS), while others were specifically developed for either
walking or cycling. Also, some auditing tools cover more details of one item. For example,
land use in the IMI contains details of segment use, residential, school, public space,
recreational, leisure, fitness, public and civic building, institutional, commercial, office

services, industrial and manufacturing.
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Table 3.3 Factors for walking

Selected
factors

Auditing tool

WRAT

SWAT

CURWAST

EAST-HK

IMI

SPACES

PEDS

PRSA

No. Items

27

49

67

91

162

57

83

78

Safety

1-Feel of safety

2- Lighting

3-Visibility

4- Buffer zone

5- Traffic volume

6- Traffic speed

Directness

7- Footway provision

8- Location of crossings

9- Gaps in traffic

10- Crossings waiting

times

11- Green man time

Comfort

12- Footpath condition

13- Footpath width

14- Gradient

15- Street furniture and

amenities

Attractiveness

16- Footpath materials

17- Walking barriers

18- Traffic control devices

Coherence

19- Traffic noise

20- Air quality

21- Dropped kerbs and
tactile paving

WRAT: Walking Route Audit Tool, Welsh Government; SWAT: The Scottish Walkability Assessment Tool;

CURWAST: China urban rail walking access scan tool; EAST-HK: The Environment in Asia Scan Tool—Hong Kong
version; IMI: The Irvine-Minnesota inventory environmental audit; SPACES: The Systematic Pedestrian and Cycling
Environmental Scan; PEDS: Pedestrian environmental data scan; PRSA: Pedestrian Road Safety Audit, US
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Table 3.4 Factors for cycling

Auditing tool CRAT | CLoS | BRSA
Selected factors No. items 25 34 84
Comfort

1-Surface material

2-Surface quality

3- Pathway width

4- Gradient

Safety

5- Fear of crime

6- Dedicated pathways

7- Conflict at junctions

8- Road markings and layout

9- Conflict with kerbside activity

10- Traffic speed (where cyclists are not separated)

11- Traffic volume (where cyclists are not separated)
12- Conflict with Heavy Good Vehicles (HGVS)

13- Lighting

14- Unnecessary hazards

Directness

15- Deviation of route

16- Cyclist priority

17- Delay at junctions

18- Ability to maintain own speed on links

Cohesion

19- Ability to join/ leave route safely

20- Route provision for cyclists

21- Signing

Attractiveness

22- Isolation

23- Secure cycle parking

24- Air quality

25- Noise pollution

CRAT: Cycling Route Audit Tool, Welsh Government
CLoS: Cycling Level of Service assessment matrix, Transport for London
BRSA: Bicycle Road Safety Audit, US

However, both WRAT and CRAT consisted of a manageable number of items and were
adopted by the Welsh Government to help local authorities with auditing walking and cycling
routes in Wales. Both tools consider people’s needs for walking and cycling under five
categories: coherence, directness, safety, attractiveness and comfort (Beynon et al. 2014).
Therefore, WRAT and CRAT were the main sources for the chosen factors, with the others

complementing any missing areas. These factors are summarised in
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Table 3.5 and It is worth highlighting that this study excluded factors such as historical
conditions, lack of skills, e.g. bicycle riding skills, lack of awareness of available options, lack
of incentives, self-selection and some land-use factors such as land-use mix. This study is
interested in factors that local authorities would intervene and change compared to factors
related to historical conditions or individual skills and attitudes. However, it should be noted
that some of these excluded factors (for example, self-selection) have been included as the
background questions. Further, some factors, for instance, land-use mix, describe the different
types of land uses such as residential, institutional, recreational or commercial (Litman and
Steele 2020). While more mixed development that denotes new urbanism can affect non-
motorised travel, it is mostly a useful measure of the quantity of travel rather than the quality
(Litman and Steele 2020). Therefore, the factors that may affect walking and cycling that have
been considered affect the quality and not the quantity of active travel.

All these factors have been used for different purposes, such as auditing, and they are needed
here to design better systems that can attract active travel. To the author’s knowledge, it is the
first time these sets of factors for walking and cycling are employed to elicit user preferences

with the aim to improve the quality of active travel.

Table 3.6.

Table 3.5 Definitions for walking factors

No. Factors Definition

1 Feel of safety Feeling safe while walking along the footways

2 Lighting Availability of lighting along the footway

3 Visibility Clear lines of sight to all pathway users from all directions

4 Buffers between road and path  Adequate separation between traffic and the footway

5 Traffic volume Traffic volume low, or you can keep distance from moderate traffic
volumes

6 Traffic speed Traffic speeds low, or you can keep distance from moderate traffic
speeds

7 Footpaths provision Provision of continuous footways for walking journeys
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No. Factors Definition

8 Crossing points Presence of footways from the origin point to destination with
limited/minimal number of crossing points

9 Location of crossings Crossing points follow desire lines

10 Gaps in traffic Possibility of crossing a route where no controlled crossings present

11 Impact of controlled crossings ~ Total time spent on crossings and its effect on trip time

on journey time

12 Green man time The total time given for pedestrians to cross

13 Footpaths condition The overall condition of the footway, viability of footway for walking
and pushing a pushchair

14 Footpaths width The width of the footway and the ability for pedestrians to maintain a
distance from traffic

15 Gradient/ Slope How steep or hilly is the pathway?

16 Path materials The materials used to create a pavement for pedestrians

17 Walking barriers Having no obstructions that restrict clearance width of the footway

18 Traffic control devices Auvailability of measures to slow down traffic and give priority for
pedestrians

19 Noise and air pollution The level of noise and air pollution that pedestrians might be exposed to

20  Street furniture and amenities  Street furniture and amenities (e.g. Benches and/or ledges for sitting.
Rubbish bins. Drinking fountains. Heat lamps. Public restrooms)

21 Dropped kerbs and tactile Availability of dropped kerbs and tactile paving on the footway

paving

It is worth highlighting that this study excluded factors such as historical conditions, lack of
skills, e.g. bicycle riding skills, lack of awareness of available options, lack of incentives, self-
selection and some land-use factors such as land-use mix. This study is interested in factors
that local authorities would intervene and change compared to factors related to historical
conditions or individual skills and attitudes. However, it should be noted that some of these
excluded factors (for example, self-selection) have been included as the background questions.
Further, some factors, for instance, land-use mix, describe the different types of land uses such
as residential, institutional, recreational or commercial (Litman and Steele 2020). While more
mixed development that denotes new urbanism can affect non-motorised travel, it is mostly a
useful measure of the quantity of travel rather than the quality (Litman and Steele 2020).
Therefore, the factors that may affect walking and cycling that have been considered affect the

quality and not the quantity of active travel.

All these factors have been used for different purposes, such as auditing, and they are needed
here to design better systems that can attract active travel. To the author’s knowledge, it is the
first time these sets of factors for walking and cycling are employed to elicit user preferences

with the aim to improve the quality of active travel.
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Table 3.6 Definitions for cycling factors

No. Factors Definition
1 Surface material Pathway construction providing smooth and level surface
2 Surface quality Density of defects including raised/sunken covers, gullies,
potholes
3 Effective width without conflict Cycling comfortably without risk of conflict with other users
(effective path width)
4 Gradient How steep or hilly is the pathway?
5 Fear of crime Feeling safe while riding a bicycle along the pathway
6 Segregation between cyclists and Separation of cyclists from traffic
traffic
7 Conflicting movements at junctions  Availability of measures to reduce the risk of collisions at
junctions
8 Legible road markings and road Non-complex and self-explanatory cycling network design
layout
9 Conflict with kerbside activity Risk of collision resulted from conflict with kerbside activity
10 Speed of traffic (where cyclists are  Reducing the speeds of motor vehicles on the shared route
not separated)
11 Traffic volume (where cyclists are Risk of collision because of increasing traffic volume
not separated)
12 Conflict with Heavy Good Vehicles  Risk of collisions due to conflict with Heavy Good Vehicles
(HGVs) (HGVs)
13 Lighting Availability of lighting along the pathway
14 Unnecessary hazards Cycling pathway clear of physical hazards such as evasion room,
guardrail
15 Deviation of route Routes should follow the shortest option available
16 Cyclist priority Cyclists have few stops or have priority over other vehicles
17 Delay at junctions The length of delay caused by junctions
18 Ability to maintain own speed on The length of delay caused by not being able to bypass slow
links moving traffic
19 Ability to join/ leave route safely The ability for easily and safely join and navigate along the
and easily pathway and between different routes in the network
20 Route provision for cyclists The continuity of cycling pathway
21 Signing Availability of clear and direct signs towards destinations
22 Isolation Availability of overlooked routes throughout its length
23 Secure cycle parking Access to secure cycle parking
24 Air quality The level of air pollution that cyclists might be exposed to on the
pathway
25 Noise pollution The level of noise that cyclists might be exposed to on the

pathway
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These factors shown in Table 3.5 and Table 3.6 would effectively become attributes into a
preference-based study to derive a complete ranking of these attributes in a survey
environment. This preference elicitation exercise is known as Best-Worst Scaling experiment
Case 1 or the Object Case, details of which in terms of design and data collection are provided
in the following sections. The selection of the factors and the design of BWS Case 1 (Object-
Case) were discussed and were internally reviewed with the researcher’s supervisor. Externally
they were discussed and reviewed by two members of Transport for Wales engaged and
interested in transport research. Further, the factors were also revised through cognitive

interviews discussion in Chapter 4.

3.5 Pedestrian and cyclist preferences: adopting Best-Worst Scaling Experiments

Several methods can be used to elicit preference using qualitative or quantitative data.
Researchers across different subject areas often rely on rating scales (RS). In a survey setting,
RS offer respondents options of categorical or numerical representations that they can use to
represent measurable characteristics of different products, services, policy options, etc. A
Likert scale is then used to elicit respondent preferences on an asymmetrical agree-disagree
scale (Adamsen et al. 2013). However, Likert scale and RS, in general, are subject to some
limitations such as inconsistencies in annotations by the same or different authors, scale region

bias, and constricted granularity of the scale (Adamsen et al. 2013).

Further, each item in a RS could be rated as important (Marti 2012). Ranking or rating a long
list of items is a cognitive burden of respondents and, even more, liable to a range of atypical
behaviour (Campbell and Erdem 2015). Ranked items will be ordered without evaluating the
relative level of importance between them (Marti 2012). Ranking and rating tasks can be split
into a list or set of pairwise comparisons that is least cognitively challenging for respondents
(Ben-Akiva et al. 1991).

Respondents usually use different sections of a scale or different response styles that could
affect the objects' means and variances (Baumgartner and Steenkamp 2001). Three kinds of
response biases could arise with RS: acquiescence bias, social desirability bias, and extreme
response bias (Paulhus 1991). Winkler (1982) indicated that acquiescence bias occurs when
respondents rate most questionnaire statements positively regardless of content. This attitude
would increase the correlations between items formulated similarly, even when they are not
associated with each other (Winkler et al. 1982). Social desirability bias has been neglected in

scale design and validation of the marketing studies (King and Bruner 2000) and organisational
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research (Banerjee 2002); however, it is considered as a source of bias in RS in psychology
(Paulhus 1991). Lee et al (2007) pointed out that some cultures (e.g., the United States, China,
Philippines, Greece, and Spain) tend to use the extremes of a scale, generating more variance,
while others (e.g., the UK, Japan, Korea, Australia, and France) confine themselves to the
middle or one end of a scale. Response biases can distort RS values; thus, they do not represent
the actual scores (Lee et al. 2007). Flynn et al (2007) note that ranking and rating scales might

urge participants' behaviour to disrupt the statistical assumptions implicit in these models.

An alternative approach would be to use BWS as it affords adequate information to develop a
definite scale and improve individual-level scales (Marti 2012). The information elicited using
BWS is richer and cognitively easier than rating or ranking (Marti 2012). BWS requires
participants to choose only the extreme ‘Best’ and ‘Worst’ on partial sets of the complete list;
thus, much easier for respondents to provide their preference in an unbiased setting (Campbell
and Erdem 2015). In this study, a concise scale with exceptionally minimal region bias was
needed and using BWS would achieve exact discrimination of the responses.

The BWS approach can overcome responses biases by forcing respondents to distinguish
between the items as there is only one way to choose the most or least important item; therefore,
respondents cannot always choose the mid-points, end points or one end of a scale (Cohen and
Markowitz 2002). An operational advantage of BWS over RS is its simplicity and
undemanding since respondents choose just one item for best and one for worst, eventually

improving data quality (Soutar et al. 2015).

For these reasons, this study utilises the BWS method, particularly Case 1. This technique
elicits preferences from a subset of factors from the master list on a spectrum of ‘best’ to ‘worst’

or ‘most significant’ to ‘least significant’ and so on (Louviere et al. 2015).

3.6 Best-Worst Scaling

BWS was initially introduced by Louviere and Woodworth (1990) as an extension of
Thurstone’s (1927) multiple-choice method of paired comparison. Finn and Louviere (1992)
applied BWS as a different method to rating and ranking scales to obtain effective measures of
relative preferences. They developed it on their study of the Canadian consumer’s concern over
the safety of food supply. The BWS method is centred on the idea of making the participants
face choices among sets of three or more options and asks them to choose the ‘best” and the

‘worst’ options of each collection (Louviere et al. 2015).
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Flynn and Marley (2014) claim that BWS was originally used to collect data in a cost-efficient
way. Further, Marley and Louviere (2005) did look into BWS as a theory, describing the
processes that individuals might follow with the choice of best and worst data.

Louviere (2015) developed three types of BWS: Case 1 (the Object Case), Case 2 (the Profile
or Attribute Case), and Case 3 (the Multi-profile Case). Case 1 BWS is suitable when the
analyst is concerned with the relative values related to each list of items (Flynn and Marley
2014). For example, as shown in Figure 3.2, respondents are asked to choose the most and the

least important features of new medicine (Cheung et al. 2016).

Please select the factor of pharmaceutical that is most important to you and the one that is least
important to you

Least important Factors of pharmaceutical Most important
[ 1 Side-effects [ 1
[ 1 Frequency of intake [ 1
[ 1 Mode of administration [ 1

Figure 3.2 An example of choice set for BWS - Object Case (Source: Cheung et al. 2016).

Items are shown as stand-alone (no attribute and level structure), and respondents are asked to
appoint the best (or most important or useful) and the worst (or least important or useful) item

(Larranaga et al. 2019). In this study, the individual items are the factors’ definitions shown in

Table 3.5 and It is worth highlighting that this study excluded factors such as historical
conditions, lack of skills, e.g. bicycle riding skills, lack of awareness of available options, lack
of incentives, self-selection and some land-use factors such as land-use mix. This study is
interested in factors that local authorities would intervene and change compared to factors
related to historical conditions or individual skills and attitudes. However, it should be noted
that some of these excluded factors (for example, self-selection) have been included as the

background questions. Further, some factors, for instance, land-use mix, describe the different
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types of land uses such as residential, institutional, recreational or commercial (Litman and
Steele 2020). While more mixed development that denotes new urbanism can affect non-
motorised travel, it is mostly a useful measure of the quantity of travel rather than the quality
(Litman and Steele 2020). Therefore, the factors that may affect walking and cycling that have

been considered affect the quality and not the quantity of active travel.

All these factors have been used for different purposes, such as auditing, and they are needed
here to design better systems that can attract active travel. To the author’s knowledge, it is the
first time these sets of factors for walking and cycling are employed to elicit user preferences

with the aim to improve the quality of active travel.

Table 3.6.

Case 2 was presented by Szeinrach et al. (1999) and McIntosh and Louviere (Flynn and Marley
2014). Profiles in Case 2, subsets of the complete list of attributes or items, are shown one at a
time, and respondents indicate their choices within a profile (without considering the value of
the profile as a whole) (Larranaga et al. 2019). Figure 3.3 illustrates an example related to the
previous one in Figure 3.2, whereby here, the attributes were described more by their levels
(Cheung et al. 2016).

Please select the factor of pharmaceutical that is most important to you and the one that is least
important to you
Least important Factors of pharmaceutical Most important

[ 1 Side-effects: moderate [ 1

[ 1 Frequency of intake: daily [ 1

[ 1 Mode of administration: oral supplement [ 1

[ 1 Out-of-pocket expenses: €10 per week [ 1

[ 1 Duration of treatment: eight weeks [ 1

Figure 3.3 An An example of choice set for BWS - Profile Case (Source: Cheung et al. 2016)

Respondents should evaluate the attribute levels that explain it, selecting the best and worst
attributes (Flynn and Marley 2014). Therefore, profiles should describe particular
specifications of products or services, where each profile presents a combination of factors and
their related levels (Louviere et al. 2015). Finally, Case 3 (the Multi-profile Case) is almost
equivalent to a traditional Discrete Choice Experiments (DCEs) where respondents are asked

to indicate their choices among entire profiles (Flynn 2010).
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This study uses Case 1 (the Object Case) to collect data for the assessment of the quality of
walking and cycling infrastructure. The following sections describe the design of BWS

experiments for walking and cycling.

3.7 Design of Best-Worst Scaling Experiments

The second step of the research design is the survey design that would involve Best-Worst
Scaling (BWS) experiments within a survey environment. BWS Case 1 or the Object Case in
this study focuses on the factors (attributes) related to the quality of walking and cycling. The

design of the case is described in the following section.

3.7.1 BWS Case 1 Experiments for Walking and Cycling

BWS models the process that respondents follow when choosing the pair (‘best” and ‘worst”)
that represents the greatest perceptual difference on an underlying continuity of importance
from a set of objects (Finn and Louviere 1992). In this study, the underlying dimension is the
degree of importance related to the quality of the walking and cycling factors. The following

subsections present the designs of the BWS - Case 1 experiment for walking and cycling.

Walking experiment

The 21 selected factors for assessing the quality of walking were presented as subjective

statements (factor definition in

Table 3.5) in the BWS tasks. BWS experiments enable researchers to present respondents with
subsets of factors (e.g. out of the complete 21 factors for walking) to reduce the cognitive

burden of respondents in a ranking exercise.

Louviere etal. (2013) recommend using a balanced incomplete block design (BIBD) over other
statistical designs such as covering design or Latin square to construct the comparison sets
(choice cards). BIBDs ensure that each item is shown the same number of times r and each
pairwise comparison of items A also appears the same number of times. The advantage of

ensuring constant occurrence and co-occurrences of factors is helping reduce the chance that
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respondents made unintended assumptions about the factors (Flynn and Marley 2014). The
characteristics of a BIBD (t, b, k, r, and A) follow specific properties (White 2021): first, the
design contains b comparison sets (choice cards) of k factors; second, each of the t factors
appears r times; third, each of the pairs of items appears A times. An incomplete block design
is balanced when A =r (k - 1)/(t - 1) and both A and r are integers.

To generate a BIBD, we used RStudio software (R Core Team 2020). The function ‘find.BIB’,
in the R package “Crossdes”, creates a BIBD for a collection of t factors displayed to
respondents across b choice cards. Each choice card contains a subset of k factors from the
complete list. We can check if the design is a BIBD by using the function ‘isGYD’. In the
BWS-Case 1 experiment for walking, t = 21 factors, b = 21 choice cards, k = 5 factors per
choice card, each item is repeated r = 5 times, and each pairwise comparison occurs A = 1 time

(see Figure 3.4).
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> set.seed(123)
> find.BIB(t=21, k=5, b=21)
(.11 [,2] [,3] [,4] [,5]
[1,] 1 6 12 16 19
[2,1] 5 15 16 20 21
[3,] 3 5 6 7 18
4,1 4 7 10 11 16
[5,] 1 2 3 10 20
[6,1] 3 4 13 19 21
[7,1] 4 6 8 17 20
[8,] 2 7 8 15 19
[9.] 2 6 11 14 21
[10,] 2 13 16 17 18
[11,] 5 10 14 17 19
[12,] 8 10 12 18 21
[13,] 3 11 12 15 17
[14,] 2 4 5 9 12
[15,] 1 5 8 11 13
[16,] 1 7 9 17 21
[17,] 6 9 10 13 15
[18,] 7 12 13 14 20
[19,] 9 11 18 19 20
[20,] 3 8 9 14 16
[21,] 1 4 14 15 18
> isGYD(bibd)
[1] The design is a balanced incomplete block
design w.r.t. rows.

Figure 3.4 A BIBD for walking experiment

In this design, shown in Figure 3.4, the rows show the 21 choice cards, and the five columns
show which of the 21 walking factors appear in each choice card. Two issues were found in
the design: first, the smaller numbers corresponding to the factors appeared at the top of the
design, and vice versa with the higher numbers; second, some factors kept appearing in the

same position (of the choice cards row) more than twice (e.g., factors no. 1, 2, 12, and 20).

These issues were addressed by following three steps using Microsoft Excel. First, the ‘Rand’
function was used to randomise the factors between different positions within each choice card.
Second, the ‘Correl” function was used to examine any potential correlation between the factors
and keep it less than 0.5 (see Figure 3.5). The final step consisted of two parts: the first part,
the design was divided into three blocks, each includes seven choice cards, to reduce the
number of choice cards presented for each participant; the second part was randomising the
choice cards between blocks. To a large extent, these steps ensure a balanced distribution of

the factors across the complete list of the choice cards.
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1

2

3

4

Random Numbers for Ranking

5

0.802
0.996
0.872
0.937
0.008
0.673
0.89
0.584
0.413
0.529
0.316
0.088
0.626
0.058
0.676
0.269
0.194
0.625
0.412
0.401
0.114

0.622
0.492
0.495
0.816
0.773
0.029
0.442
0.078
0.92
0.921
0.849
0.832
0.291
0.154
0.581
0.024
0.839
0.988
0.93
0.266
0.161

0.114
0.129
0.632
0.835
0.925
0.149
0.114
0.286
0.805
0.692
0.312
0.557
0.096
0.18
0.826
0.553
0.018
0.038
0.883
0.212
0.104

0.688
0.296
0.168
0.888
0.848
0.085
0.392
0.425
0.342
0.008
0.764
0.28
0.591
0.914
0.323
0.574
0.433
0.681
0.236
0.098
0.155

0.658
0.358
0.761
0.718
0.896
0.753
0.096
0.137
0.391
0.172
0.546
0.136
0.06
0.768
0.986
0.819
0.577
0.785
0.952
0.244
0.434

Choice card

New Design
1 2 3 4 5 Correlation Matrix

1 ~e_| 6 19 12
21 16 15 20

6 18 7 5 3
10 11 7 16 4
1 10 20 2 3
4 13 19 21 3
4 8 20 17 6
2 8 19 15 7
14 11 21 6 2
2 18 16 13 17
10 14 17 5 19
10 18 8 12 21
12 3 15 17 11
4 9 12 5 2
13 1 5 8 11
21 7 1 9 17
15 10 9 13 6
13 12 7 14 20
18 9 19 11 20
16 14 3 8 9
15 1 4 14 18

X2
X3
X4
X5

X1 X2 X3 X4 X5

-0.244) -0.364 -0.001 0.306

0.0779 0.0224 -0.021
0.044 -0.294
0.0418

Figure 3.5 The randomisation and correlation matrix for walking factors

Table 3.7 The final design for choice cards - walking

Final design

Choice card 1 2 3 4 5 Block
3 3 18 6 7 5 1
7 8 6 20 4 17 1
8 2 7 8 19 15 1

13 15 11 3 17 12 1
15 11 1 5 13 8 1
19 19 20 18 11 9 1
20 16 9 14 8 3 1
2 5 16 15 21 20 2
4 10 11 7 4 16 2
9 21 14 6 11 2 2
11 14 19 5 17 10 2
14 4 2 9 12 5 2
17 13 6 10 9 15 2
21 1 15 4 18 14 2
1 19 1 16 6 12 3
5 3 10 1 20 2 3
6 4 13 21 19 3 3
10 18 16 2 17 13 3
12 10 21 12 8 18 3
16 7 17 9 1 21 3
18 13 12 7 14 20 3
18 13 12 7 14 20 3

Table 3.7 shows the final design of the choice cards for the BWS Case 1 experiment —walking.

The code numbers in columns 2 to 6 correspond to the walking factors defined previously in
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Table 3.5. The choice cards were sorted by block; thus, block one starts with the choice card

no. 3, followed by no. 7, and such.

The next step was to replace the factor code numbers in columns 2 to 6 of

Table 3.7 with the factor definitions in

Table 3.5 to create the choice cards. Finally, the choice cards were embedded in the survey
and presented online using Qualtrics, a survey software (Qualtrics 2020). Figure 3.6 shows an
example of the choice card no. 3 in block 1 of

Table 3.7.
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g:\ -Iv{s?:ﬁf School of Geography and Planning

PRIFYSGOL

CARDY® Ysgol Daearyddiaeth a Chynllunio

Choice card 1 of 7

Which of the following areas should be the highest priority and which of the areas should be the

lowest priority for your local council to pursue to encourage walking?

Highest Lowest
priority priority
O Clear lines of sight to all footpath users from all directions O
O Measures to stop traffic and give priority for pedestrians O
O Low traffic speeds or you can walk away from high-speed areas O
O Provision of continuous footpaths for walking O
O Low traffic or you can avoid walking near high traffic O

S ompl
Previous 0% Next

Figure 3.6 An example of BWS-Case 1 choice set for walking factors
Cycling experiment

The process used for the design of Case 1 experiment for walking factors was repeated here for
the design of Case 1 experiment for cycling factors but according to the number of cycling
factors. The 25 selected factors for assessing the quality of cycling were presented as subjective
statements in the BWS tasks (factor definition in It is worth highlighting that this study
excluded factors such as historical conditions, lack of skills, e.g. bicycle riding skills, lack of
awareness of available options, lack of incentives, self-selection and some land-use factors
such as land-use mix. This study is interested in factors that local authorities would intervene
and change compared to factors related to historical conditions or individual skills and
attitudes. However, it should be noted that some of these excluded factors (for example, self-
selection) have been included as the background questions. Further, some factors, for instance,
land-use mix, describe the different types of land uses such as residential, institutional,
recreational or commercial (Litman and Steele 2020). While more mixed development that
denotes new urbanism can affect non-motorised travel, it is mostly a useful measure of the

quantity of travel rather than the quality (Litman and Steele 2020). Therefore, the factors that
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may affect walking and cycling that have been considered affect the quality and not the quantity

of active travel.

All these factors have been used for different purposes, such as auditing, and they are needed
here to design better systems that can attract active travel. To the author’s knowledge, it is the
first time these sets of factors for walking and cycling are employed to elicit user preferences
with the aim to improve the quality of active travel.

Table 3.6).

The parameters corresponding to the BIBD for the cycling factors were: t = 25 factors, b = 30
choice cards, k = 5 factors per choice card, each item is repeated r = 6 times, and each pairwise

comparison occurs 4 = 1 time (see Figure 3.7).

= set.seed(47683)
= find.BIB(t=25, k=5, b=30)

[.11 [.21 [,3] [.41 [,5]
[1,] 2 10 21 24 25
[2,] 2 7 9 13 19
[2,] 9 13 20 23 24
[4,] 6 13 15 16 21
[5,] 3 9 14 16 22
[6,] 2 11 12 15 17
[z,] 11 14 19 23 25
[s,] i 10 12 14 20
[9,] 8 13 14 17 21
[10,] 1 2 16 18 23
[11,] 7 9 10 17 18
[12,] 1 3 5 17 24
[132,] 1 7 15 22 25
[14,] 16 17 19 20 25
[15,] 3 G 7 11 20
[16, ] 4 7 12 14 16
[17,] 3 8 10 15 23
[18,] 1 6 8 10 19
[19,] 1 4 9 11 21
[20,] 4 6 17 22 23
[21,] 5 10 11 13 22
[22,] 2 3 5 6 12
[23,] 5 7 18 21 23
[24,] 12 19 21 22 24
[25,] 5 8 9 12 25
[26,] 3 4 13 18 25
[27,] 4 g8 11 18 24
[28,] 6 14 15 18 24
[29,] 2 8 18 20 22
[30,] 4 5 15 19 20

> 1s5GYD(bibd)

[1] The design is a balanced incomplete block
design w.r.t. rows.

Figure 3.7 A BIBD for cycling experiment

In this design, shown in Figure 3.7, the rows show the 30 choice cards, and the five columns
show which of the 25 cycling factors appears in each choice card. The same two issues found
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with the design of the walking task appeared here and were addressed following the same

process using the randomisation and correlation functions in Microsoft Excel.

The design was divided into four blocks, two of seven choice cards and two of eight, to reduce
the number of choice cards presented for each participant. Further, the choice cards were
randomised between blocks. Table 3.8 shows the final design of the choice cards for the BWS
Case 1 experiment — cycling. In this design, the choice cards were sorted by block; thus, block
one starts with choice card no. 30, followed by no. 16, and such. The code numbers in columns
2 to 6 correspond to the cycling factors defined previously in It is worth highlighting that this
study excluded factors such as historical conditions, lack of skills, e.g. bicycle riding skills,
lack of awareness of available options, lack of incentives, self-selection and some land-use
factors such as land-use mix. This study is interested in factors that local authorities would
intervene and change compared to factors related to historical conditions or individual skills
and attitudes. However, it should be noted that some of these excluded factors (for example,
self-selection) have been included as the background questions. Further, some factors, for
instance, land-use mix, describe the different types of land uses such as residential,
institutional, recreational or commercial (Litman and Steele 2020). While more mixed
development that denotes new urbanism can affect non-motorised travel, it is mostly a useful
measure of the quantity of travel rather than the quality (Litman and Steele 2020). Therefore,
the factors that may affect walking and cycling that have been considered affect the quality and

not the quantity of active travel.

All these factors have been used for different purposes, such as auditing, and they are needed
here to design better systems that can attract active travel. To the author’s knowledge, it is the
first time these sets of factors for walking and cycling are employed to elicit user preferences
with the aim to improve the quality of active travel.

Table 3.6.

Table 3.8 The final design of the choice cards — cycling

Final design
Choice card 1 2 3 4 5 Block
30 3 21 6 1 12 1
16 22 14 8 2 13 1
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13 25 3 22 16 11 1
24 14 11 21 5 9 1
17 19 25 9 18 4 1
8 18 1 23 11 2 1
7 12 16 13 10 18 1
6 2 10 25 21 17 1
25 13 20 4 6 11 2
2 23 9 22 24 12 2
15 5 18 8 3 7 2
22 15 13 9 17 3 2
5 6 25 23 8 15 2
19 16 19 15 1 14 2
29 24 1 5 25 13 2
26 1 4 22 17 7 2
20 21 7 13 23 19 3
9 23 17 5 20 16 3
14 12 2 15 4 5 3
12 17 24 14 6 18 3
10 10 14 4 3 23 3
28 20 1 10 8 9 3
23 15 10 11 7 24 3
4 16 8 21 24 4 4
27 9 7 6 16 2 4
21 24 3 2 19 20 4
18 19 17 12 11 8 4
3 7 25 20 14 12 4
11 22 6 19 10 5 4
1 20 22 18 15 21 4

The next step was to replace the factor code numbers in columns 2 to 6 of Table 3.8 with the
factor definitions in It is worth highlighting that this study excluded factors such as historical
conditions, lack of skills, e.g. bicycle riding skills, lack of awareness of available options, lack
of incentives, self-selection and some land-use factors such as land-use mix. This study is
interested in factors that local authorities would intervene and change compared to factors
related to historical conditions or individual skills and attitudes. However, it should be noted
that some of these excluded factors (for example, self-selection) have been included as the
background questions. Further, some factors, for instance, land-use mix, describe the different
types of land uses such as residential, institutional, recreational or commercial (Litman and
Steele 2020). While more mixed development that denotes new urbanism can affect non-
motorised travel, it is mostly a useful measure of the quantity of travel rather than the quality
(Litman and Steele 2020). Therefore, the factors that may affect walking and cycling that have

been considered affect the quality and not the quantity of active travel.

All these factors have been used for different purposes, such as auditing, and they are needed
here to design better systems that can attract active travel. To the author’s knowledge, it is the
first time these sets of factors for walking and cycling are employed to elicit user preferences

with the aim to improve the quality of active travel.
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Table 3.6 to create the choice cards. Figure 3.8 shows an example of choice card no. 6 in block
2 of Table 3.8.

g:.&?:.ﬁf School of Geography and Planning

PRIFYSGOL

[@.:[»)/"} Ysgol Daearyddiaeth a Chynllunio

Choice card 1 0of 8

Which of the following areas should be the highest priority and which of the areas should be the

lowest priority for your local council to pursue to encourage cycling?

Highgst Lo_we_st
priority priority
O Pathways free of defects such as gullies and potholes O
O Low speeds of motor vehicles on shared routes O
O Low levels of noise along the pathways O
O Clear and direct signs towards all destinations O
O Short waiting times at junctions along the route O

Previous 0% - 100% Next

Figure 3.8 An example of BWS-Case 1 choice set for walking factors

3.8 Survey Questionnaire Design

The survey began with a welcoming screen to introduce the research project, set the expected
time to finish the survey, and ensure the confidentiality of the participant's responses. The BWS
experiments were part of a quantitative survey questionnaire, which included the following five
parts: (1) Screening questions, (2) BWS Experiment, (3) Demographic questions, (4) Travel
behaviour questions, and (5) Attitudinal questions.

(1) Screening questions

In each experiment, screening questions regarding age and gender were set to screen any non-
relevant participant according to the age and gender stratum (see Section 3.10). In addition, the
cycling experiment is only interested in those who can cycle to provide preferences to
encourage cycling; therefore, a question was introduced to pre-screen those who can ride a

bicycle (see Chapter 6, Section 6.2).

(2) BWS Experiment
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As shown in Figure 3.9 (this figure after the cognitive interviews, discussion in Chapter 4), the

BWS choice tasks, in the survey, begin with an introduction screen including instructions on

what the participants will see in each choice card, as well as an example of one choice card.

Each choice card presents five factors, prompting the participants to select one as the highest

priority and another as the lowest. In both experiments, participants are expected to answer

seven-choice cards, except for two blocks in the cycling experiment, which consist of eight-

choice cards (further discussions in Section 3.7.1).

(l.:i‘{.'f!ﬁ.r School of Geography and Planning

PRIFYSGOIL

e (o) Ysgol Daearyddiaeth a Chynllunio

From this point on, we would like you to consider that your local council is planning to improve infrastructure for

pedestrians to encourage walking.

We will ask you to look at seven (7) cards, each showing five (5) areas for improvement to encourage walking (see,

choice card 1 below). These areas, for example, may cover physical infrastructure, safety, comfort, etc.

We would like you to weigh up the pros and cons for improving each of these areas.

Then we would like you to choose, which area should be the highest prionty and which area should be the lowest

priority in each choice card.

Areas underlined with dots have further description once you hover the mouse over them. There are no right or

wrong answers to these choices; we are only interesied in your own views.

Choice card 1 of 7

Which of the following areas should be the highest priority and which of the areas should be the

lowest priority for your local council to pursue to encourage walking?

Highest Lowest
priority priarity
'i:_:' Clear lines of sight to all footpath users from all directions Z::
'::3' Measuras to stop traffic and give priority for padaestrians ':\
"\:.:' Low fraffic speeds or you can walk away from high-speed areas f:_
O Provision of continuous footpaths for walking B
O Low traffic or you can avoid walking near high traffic O

Figure 3.9 The introduction screen to the BWS task

Following the choice cards, three diagnostic questions were introduced to determine whether

the participants understood the experiment:
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1. “In the choices, did you understand the descriptions in the cards?”

o Response: ‘Yes, all of them’, ‘Most of them’, ‘Some of them’, ‘No not all’
2. “Did you look at all the items presented in the cards?”

o Response: ‘Yes’, ‘No’
3. “Were you able to make comparisons and to large extent informed choices?”

o ‘Yes, in all choices’, ‘In most of the choices’, ‘In some of the choices’, ‘No, not at all’.

Respondents who answered ‘No, not at all’/ ‘Some of them’ in the first question or ‘No’ in the
second questions, or ‘In some choices’/ ‘Not at all” were excluded from further analysis of the

BWS data.

(3) Demographic questions

Following the BWS choice cards, participants are asked to indicate their demographic
characteristics. Question in this part are related to the gender, age, employment status, the total
annual income, marital status, and number of adults and children in their household. This part
aims to determine whether the respondent's socioeconomic status influences their willingness

to walk and cycle.
(4) Travel behaviour questions

This part consisted of questions that explore the respondent’s travel behaviour. Questions in
this part were designed to identify the value of using active travel in the respondent's daily life.
For example, the frequency of walk or cycle to work or education and the frequency of walking
for more than 10 minutes as a means of transport. Further, the last three questions in this part
were to explore the travel behaviour before the Covid-19 pandemic hit, after the first pandemic

lockdown, and whether the respondent’s think the pandemic changed the way they travel.
(5) Attitudinal questions

The final part of the survey investigated respondents’ attitudes on walking and cycling
infrastructure, safety, environment, beliefs and travel behaviour (see Table 3.9). The available
responses were ‘strongly agree’, ‘agree’, ‘neutral’, ‘disagree’, ‘strongly disagree’ and ‘not
applicable’. Unless otherwise stated, the percentages are the combined percentages of
participants who responded either ‘strongly agree’ or ‘agree’; for brevity, these participants
were categorised into a single ‘agree’ category. Similarly, those who responded ‘strongly

disagree’ or ‘disagree’ were categorised as ‘disagree’.
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Table 3.9 Questions on attitudes, beliefs, and travel behaviour

Question

Walking experiment

Cycling experiment

Footpaths infrastructure

Cycle lanes

More money should be spent
improving footpaths

More money should be spent improving
cycle lanes

I would be willing to drive less if there
were more footpaths/ bicycle lanes

I would be willing to drive less if there
were more bicycle lanes

There are not enough convenient
pedestrian road crossings

As a cyclist, the presence of shower at the
workplace is of great importance

development

A top transport priority should be to provide improved access to new areas for

A top transportation priority should be
to improve the connectivity of
footpaths for shorter distance trips

Walking safety

Cycling safety

Fears for my personal safety prevent
me from walking more often

Safety fears of traffic prevent me from
cycling more often

Adverse weather condition prevent me
from walking more often

Adverse weather condition prevent me
from cycling more often

Environment

Protecting the environment is very important to me

I currently make an effort to walk (as a
means of transport) whenever | can

I am willing to cycle more frequently to
reduce air pollution

I currently make an effort to walk (as a
means of transport) whenever | can

I currently make an effort to ride a bicycle
whenever | can

Beliefs and travel behaviour

To me, a car is nothing more than a convenient way to get around

| feel that | am wasting time when | have to wait

Traffic congestion is just a way of life and something you learn to live with

Traffic congestion is NOT a major problem for me

For me, car is king! Nothing will replace my car as my main mode of transport

Privacy is important to me when | travel

As long as | am comfortable when traveling, I can tolerate delays
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3.9 Cognitive Testing of the BWS Experiment
Prior to the main survey, a series of cognitive testing interviews were conducted to ensure the

construct validity of the BWS scaling survey instrument.

Cognitive interviews can use different techniques, separately or in conjunction, including
“thinking aloud” and “verbal probing” (Collins 2003). The “thinking aloud” technique (Willis
1999a) is to ask respondents to verbalise their thoughts during the task (e.g., while completing
a questionnaire or choice experiment) and thereby provides information concerning cognition,
such as recollection of relevant information and the decision process when answering (Knafl
et al. 2007). In the “verbal probing” technique, the interviewer uses verbal probes (often
questions) to encourage participants to elaborate upon their thoughts and opinions about the
task (Beatty and Willis 2007). Specifically, the interviewer probes to determine whether, and
how, questionnaire items are understood, such as by asking participants to paraphrase items or
define words or phrases from their perspective (Knafl et al. 2007). This study employed both
techniques to assess the face and content validity of the factors drawn from auditing tools,
namely whether factors were sufficient to satisfy their aims (Beatty and Willis 2007) and
elicited an easy and unbiased response process (Drennan 2003) in the context of a BWS

experiment.

As shown in Figure 3.10, this study involved three key stages: (a) study design, including the
generation of the BWS tasks and the associated interview questions; (b) the recruitment of
participants and the implementation of the cognitive interviews, and (c) the interview

transcription and thematic analysis of the interview data.
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Study Design

Data Collection

Analysis

Synthesis of auditing tools
to identify factors for
walking and cycling

Recruitment of participants
via ‘Respondents.io’

-

Interview transcription

v

Balanced incomplete block
design to generate BWS
Case 1 tasks

L

v

Design of cognitive
interview protocol:
Instructions, allocation of
BWS Case 1 tasks and
background and probe
questions

Online cognitive ‘thinking
aloud’ and ‘verbal probing’
interviews
(via virtual meeting)

Thematic analysis
(coding and interpretation)

Figure 3.10 Overview of the cognitive-testing phase of the study

The interview began with a brief introduction to the interview process and plain-language

instructions for the thinking aloud and verbal probing portions. We then asked participants to

complete three background questions sequentially (Table 3.10), both for basic information and

for participants’ familiarisation with cognitive interviewing style (Willis 1999a). Finally,

participants completed the BWS tasks.

Before the BWS choice task (Figure 3.11), the participants saw instructions (Figure 3.12).

These instructions helped to set the scene for the BWS tasks, and we also used cognitive

interview techniques to evaluate the internal validity of the instructions (e.g., for clarity,

misunderstandings, etc.). Once read, a participant’s understanding and expectations for the task

were probed using the questions in Part A of Table 3.11.
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Table 3.10 Background questions in the congnitive interviews

Walking experiment

Cycling experiment

No  Question No Question
Q1 Areyou able to walk comfortably for more Q1 Do you ride a bicycle?
than five minutes at a time? e Yes—and | have regular access to a
o Yes bicycle (including borrowed or public
e No hire bikes)
e Yes —but I don’t have regular access to
a bicycle
e No
Q2 Do you walk independently (un-assisted)? Q2 How often do you ride a bicycle?
e Yes e Once a week
o No, I need assistance from others (e.g. e Between 2 and 3 times a week
family, friends, carer) e More than 3 times a week
o No, | need assistance (e.g. wheelchair, e Once a fortnight
mobility scooter, guide dog) e Less than once a fortnight
Q3 How often do you walk? Q3 How long have you been cycling?

e Once a week

Between 2 and 3 times a week
More than 3 times a week
Once a fortnight

Less than once a fortnight

e Less than 6 months
6 — 12 months

1 —3years

3 —5years

More than 5 years

Most
Important

Out of the five factors below, which are The Most and The Least Important factors

that would encourage you to walk more

Least
Important

Possibility of crossing a route where no controlled crossings present
Availability of dropped kerbs and tactile paving on the footway
Having no obstructions that restrict clearance width of the footway

Feeling safe while walking along the footways

Presence of footways from the origin point to destination with
limited/minimal number of crossing points

Figure 3.11 An example BWS choice card
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Best-Worst Scaling

= The following questions are about your priorities in terms of the
infrastructure improvements you would like to encourage you to walk

more.
*  You will be introduced to a set of choice cards (one card in each slide).

« Each card will include five different factors related to walking, and you
will be asked to choose the most and the least important factors that

would encourage you to walk more.

« This card will be repeated seven times to cover a range of 21 different

factors.

Figure 3.12 Instructions to the BWS choice task

Following the instructions slide, the first-choice cards was presented (e.g. Figure 3.11). Each
choice card involved a prompt text (repeated in each choice card) and combinations of 5-o0f-21

factors (

Table 3.5) and 5-of-25 (It is worth highlighting that this study excluded factors such as
historical conditions, lack of skills, e.g. bicycle riding skills, lack of awareness of available
options, lack of incentives, self-selection and some land-use factors such as land-use mix. This
study is interested in factors that local authorities would intervene and change compared to
factors related to historical conditions or individual skills and attitudes. However, it should be
noted that some of these excluded factors (for example, self-selection) have been included as
the background questions. Further, some factors, for instance, land-use mix, describe the
different types of land uses such as residential, institutional, recreational or commercial
(Litman and Steele 2020). While more mixed development that denotes new urbanism can

affect non-motorised travel, it is mostly a useful measure of the quantity of travel rather than
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the quality (Litman and Steele 2020). Therefore, the factors that may affect walking and cycling

that have been considered affect the quality and not the quantity of active travel.

All these factors have been used for different purposes, such as auditing, and they are needed
here to design better systems that can attract active travel. To the author’s knowledge, it is the
first time these sets of factors for walking and cycling are employed to elicit user preferences
with the aim to improve the quality of active travel.

Table 3.6) factors in the walking and cycling experiments, respectively. Once the participants
completed a choice task, or when they engaged in dialogue with the interviewer, they were
asked a subset of probe questions to elicit their thoughts and understand their comprehension
of the task and the reasons for choices (see, Part B in Table 3.11).

Table 3.11 Cognitive probe questions

Part  Questions

A How did you find that?!
e Was there any part you had to go back and re-read
e Was it easy or difficult to follow?

B e How easy or difficult was this question to answer? Why?
e So, which one would you choose as the most important for you? And which is the least?

e | would like to ask you, in your own words, how would you describe the most important
factor you chose?

Could you please put into words the least important factor that you chose?
Why did you choose the factors you did in this question?

What comes to mind for [word/phrase]?

Could you tell me a bit more about that?

You said ‘xxx’, perhaps you could elaborate on that for me?

e Would you like to add any other factors you think are important?

3.9.1 Cognitive Testing Implementation, Sampling, and Participants

The interviews took place between February and March 2021 and were conducted online using
video conferencing software. During the interview, the BWS choice task materials were
presented on MS PowerPoint slides using the ‘share screen’ function. The interviews were
semi-structured, hence most questions were pre-written (see Table 3.11), but some were
improvised to explore the information arising from the interview. Interviews were audio-
recorded, and notes were also taken throughout. The duration of the interviews was between

32 and 40 minutes. Ethical approval was obtained by the School of Geography and Planning

! In the sense of ‘how did you find that to be’ or ‘what was your experience’.
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Ethics Committee prior to commencement of the study, and informed consent were sought

prior to the commencement of each interview.

The characteristics of the interview participants are shown in Table 3.12. Due to the COVID-
19 pandemic restrictions, participants aged 18 or over were recruited through the online
platform ‘Respondents.io’. Ten participants were sampled initially. However, over-sampling
of female pedestrians and male cyclists necessitated sampling another 10 participants. We
utilised the platform to target pedestrians and cyclists separately; cyclists were less likely to

volunteer than pedestrians.

Table 3.12 Characteristics of participants in cognitive interviews

Walking Cycling

No Gender Age Education No Gender Age Education

P1 Male 18-24 Some higher P11 Male 35-44 Postgraduate
education, no degree

P2 Female 35-44 Undergraduate P12 Male 2534 Postgraduate

P3 Female 35-44 Postgraduate P13 Male 25-34 Postgraduate

P4 Female 45 -54 Undergraduate P14 Male 25-34 Undergraduate

P5 Male 25-34 Undergraduate P15 Female 25-34 Undergraduate

P6  Male 2534 Undergraduate P16 Female 25-34 Undergraduate

P7 Female 25-34 Postgraduate P17 Female 35—-44 Postgraduate

P8 Male 25-34 Some higher P18 Female 35-44 Postgraduate
education, no degree

P9 Male 35-44 Undergraduate P19 Male 25-34 Undergraduate

P10 Female 35-44 Some higher P20 Female 25-34 Some higher
education, no degree education, no

degree

It is worth noting that sampling in qualitative research differs from sampling in quantitative
research to the extent that participants are selected for their characteristics (here, being
pedestrians or cyclists) rather than to create a sample representative of the population from
which characteristics of the population may be inferred. In seeking volunteers from different
demographics, our goal was not to replicate their proportions within the population through
sampling but to gather unique insights into walking and cycling that only they would have due

to their age, gender, or educational background.

3.9.2 Thematic Analysis of BWS Cognitive Interviews

We used thematic analysis to analyse the interview data. This is a tool for in-depth analysis of
qualitative (interview) data in ““a precise, consistent, and exhaustive manner through recording,
systematising and disclosing methods of analysis and the study findings with enough detail to
enable the reader to determine the credibility and validity of the process” (Nikitas et al. 2018)

111



and has been widely used in transport research (e.g. Alyavina et al., 2020; Liu et al., 2020;
Nikitas et al., 2018).

Thematic analysis involves an iterative process of coding and interpretation that is useful when
analysing data from cognitive interviews (Willis and Artino 2013). Firstly, recorded interview
data was transcribed verbatim and researcher notes from interviews added to comprise the
dataset. All relevant features of the data were coded (labelled, categorised) and used to infer
themes (meaningful commonalities). Codes were entered into a table with participant-rows and

theme-columns, collating all data pertinent to each theme (Figure 3.13).

The structure in Figure 3.13 is analogous to a thematic diagram (Braun and Clarke 2006), and
was checked for thematic consistency — that is each cell was checked to make sure that it
illustrated the theme, and each theme was developed from the cells in its column. Consistent
with thematic analysis as a qualitative approach, the importance of a theme was its substantive
meaning and not the frequency of coded instances (Willis 1999a) and, hence, valuable insights
were sometimes derived from the data of a single individual, though more commonly we drew
insights from recurring patterns across individuals (Nikitas et al. 2018; Alyavina et al. 2020).
The themes that emerged were categorised under two main groups: how the participants
approached the BWS task and understanding of the factors. These results (themes) are reported
in the following section.
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Participant Ambiguity Overlapped factors Negatively phrased factors

The participant found the  The participant found The The participant pointed out
phrase ‘feeling safe’ in width of the footway and that ‘Possibility of crossing a
‘Feeling safe while walking the ability for pedestrians  route where no controlled

along the footways’ to maintain a distance from crossings present’ factor
ambiguous about what it traffic’ to overlap with “does not feel like it is a

3 referred to being safe ‘Adequate separation choice for the pedestrian to
from,“feeling safe is stilla  between traffic and the make ... because almost
little bit ambiguous of what footway’ as both factors objectively.” And she went to
that really means. Feeling offer a distance from describe it “I am imagining
safe from other people [..] traffic: “l am notsure [...] like a very busy road. [.. ]

“| think you feel safe if it is
a public footpath that is

2 used regularly and there is
plenty of people around ...
also, | suppose feeling [...]

“l am thinking like the fear The participant seemed
of effectively crime orin a confused because of the
flip side like natural double-negatives in ‘Having
> danger”, such as “walking no obstructions that restrict
along a river’ clearance width of the
footway’ factor, “I have [_. ]
“I guess from traffic. |
g would not want to walk

along the motorway or
dual carriageway”

Figure 3.13 An illustration of the collated data by theme (columns) from four interviewees (rows) 2

3.10 Main Survey Sample Size and Sampling Strategy

The eligible participants in the BWS ‘walking experiment’ were all adults aged 18 years and
over who lived in the UK and were able to walk to be eligible for the walking experiment and
were able to cycle, to be eligible to complete the cycling experiment.

In this study, it was assumed that those who would state they were ‘able to walk’ or ‘able to
cycle’ should have been in ‘good general health’, the corresponding percentage in the
population — according to the self-reported health status - was between 71% and 75% in the
year of 2019 across the four nations, which correspond to 39,389,138 (see, Figure 3.14) out of
a total of 49,004,533 adults.

2 For illustration purposes, the cell content has been abbreviated by [...].
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Figure 3.14 The population size based on general health

Thus, the required sample size, n, assuming a 95% confidence level and a 5% margin of error
would be 385 participants for each experiment and was calculated as follows (Charan and
Biswas 2013):

Z2xPa-P) 1.96% x 0.5 (1 - 0.5) 3.8416 X 0.25
— e? _ T o082 _ T ooozs __ _ 38416 _
n= 1+<Zz><P(1—P)) _1 (1.962><0.5(1—0.5)) = 1+(3.8416X0.25) = Too 384.16 [3.1]
e2N 0.05239,389,138 98,472.845

where: Z is the z-score, P is the standard of deviation, e the margin of error and N the population

size.

A quota sampling technique was employed to achieve the above sample size as well as ensure
that the sample of participants was representative in terms of age and gender across the
population of 18 year of age and older (Taherdoost 2016). Quota sampling was implemented
with the survey platform Qualtrics by defining a set of strata according to age and gender in
both experiments to meet the corresponding proportions of these variables in the general
population. The following paragraphs present the analysis using publicly available statistics to

compute the corresponding the number of participants within each stratum (group).

Walking and cycling statistics from England, Wales, Scotland, and Northern Ireland show high
proportions of adults who walk and cycle in the early age groups while these proportions
gradually decline within groups of older age (see Figure 3.15,Figure 3.16, Figure 3.17, Figure
3.18 for walking andFigure 3.20, Figure 3.20, Figure 3.21, Figure 3.22 for cycling). Although
male and female proportions of those adults who walked were almost equal, the proportion of

males was almost double the proportion of females who cycled across all age groups.
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Figure 3.15 Proportion of adults who walk by frequency and demographic, England, 2019-2020
(Source: DfT, 2020)
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Figure 3.16 Proportion of adults who walk by frequency and demographic, Wales, 2018-2019 (Source:
Welsh Government, 2019)
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Figure 3.17 Frequency of walking as a means of transport in the last seven days, Scotland, 2019 (Source:
TTS, 2019)
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Figure 3.18 Proportion of respondents who would be likely to walk short journeys (up to 2 miles/3 km),
Northern Ireland, 2019-2020 (Source: NISRA, 2020)
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Figure 3.19 Proportion of adults who cycle by frequency and demographic, England, 2019-2020
(Source: DfT, 2020)
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Figure 3.20 Frequency of cycling by demographic, Wales, 2018-2019 (Source: Welsh Government,
2019)

116



4.5
4
3.5
3
2.5
2
1.5
1
i
0
16- 19 20-29 30-39 40 - 49 50-59 60 - 69 70-79 80+
W 1-2 days 3-5 days 6-7 days

Figure 3.21 Frequency of cycling as a means of transport in the last seven days, Scotland, 2019 (Source:
TTS, 2019a)
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Figure 3.22 Frequency of respondents who would be likely to cycle short journeys (up to 3 miles/5km),
Northern Ireland, 2019-2020 (Source: NISRA, 2020)

Ideally, two graphs — one for walking and one for cycling, separately — combining the above
statistics across the four countries would have been created to determine the equivalent
percentage for each age and gender stratum. However, it is not possible to create these graphs
for cycling because each country uses different age-group definitions (e.g. Scotland uses 10-

year age groups whereas Wales uses 15-year age groups).

To avoid further issues with age-group classification, the calculation of the required strata for
each age group was based on the corresponding walking and cycling proportion in England.
This is justified because England makes up 84% of the British adult population (see Table 3.13)
and its walking and cycling statistics during the beginning of the COVID-19 pandemic (2019-

2020) were almost the same as the pre-pandemic (2018-2019) levels as shown in Figure 3.14.
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Table 3.13 The UK adult population by countries and age groups (Source: ONS, 2021)

Age group England Wales Scotland Northern Ireland Total
18-24 4,709,589 278,462 456,743 155,711 5,600,505
25-34 7,596,145 404,786 751,273 246,401 8,998,605
35-44 7,214,512 358,803 680,032 242,296 8,495,643
45-54 7,513,990 409,435 743,037 253,522 8,919,984
55 -64 6,958,595 419,638 751,913 236,523 8,366,669
65-74 5,598,428 361,841 586,263 172,755 6,719,287
75+ 4,865,591 306,749 469,817 147,194 5,789,351
Total 44,456,850 2,539,714 4,439,078 1,454,402 52,890,044
Percentage 84,06% 4,80% 8,39% 2,75 100%
25%
~
20%
15%
10%
5%
0%
16-24 25-34 35-44 45-54 55-64 65-74 75-84 85+
Walking 2018/19 wmmm—2019/20 Cycling 2018/19 =====3019/20

Figure 3.23 UK adult population by countries and age groups (Source: ONS, 2021)

Accordingly, age groups included seven strata for the walking experiment and six for the

cycling experiment because the cycling proportions significantly smaller in the ‘older’ age

groups. In line with the official statistics, each stratum included equally males and females in

the walking experiment and two-thirds for males in the cycling experiment. shows the quota

assigned to each stratum across the two experiments, age and gender (see Table 3.14).
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Table 3.14 The distribution of sample size over the strata

Walking experiment Cycling experiment

Total Male Female Total Male Female
Age group (%) (%) n (%) n (%) (%) n (%) n
18-24 22.5 11.25 43 11.25 43 19.8 13.20 51 6.60 25
25-34 18.1 9.05 35 9.05 35 19.3 12.87 50 6.43 25
35-44 15.6 7.80 30 7.80 30 17.6 11.73 45 5.87 23
45 - 54 12.9 6.45 25 6.45 25 17.9 11.93 46 5.97 23
55-64 12.1 6.05 23 6.05 23 13.6 9.07 35 4,53 17
65— 74 (65+ 90 460 18 460 18 118 787 30 393 15
for cycling)
75 + 9.6 4.80 18 4.80 17 0 0 0 0 0
Total 100 50 193 50 192 100 66.67 257 33.33 128

3.11 Survey implementation

The survey questionnaire including the BWS experiments was distributed through ‘Prolific.co’,
an online platform provider for participants recruited specifically for academic research
purposes and has been previously used by other esteemed institutions such as Oxford and
Stanford (Palan and Schitter 2018). The provider carefully ‘recruits 100% human participants
and constantly monitors and improves their pool of respondents using an algorithm with 35
different measures to detect data accuracy, richness and reliability and they include trust scores
from researchers (Prolific 2024).

It is worth highlighting that an online survey directed to members of an internet panel like
‘Prolific.co’ has implications about the wider representativeness of individuals without access
to IT equipment. Ideally, the sampling strategy would include other survey modes (e.g. face to
face interviews, telephone, postal), which also present their own limitations but would
significantly require more human and financial resources, which were not available at the time
the study was conducted (Potoglou et al. 2012). Most importantly, the survey was undertaken
during a period of significant COVID-19 related restrictions, which also prohibited the

implementation of other methods of recruitment and data collection.

On the other hand, there are several advantages over distributing the survey online (Chanel
Sutherland 2019). Firstly, online surveys are cost-efficient as it is possible to collect data across
a large geographic area without the need for paper, printing or postage. Secondly, it is flexible
to distribute the survey questionnaire across different devices such as desktop computers,

laptops, tablets and mobile phones. Thirdly, online surveys are convenient for respondents to
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fill out the questionnaire whenever they want to and to stop and resume at their leisure (Dillman
2000). Finally, they offer anonymity as respondents might feel more comfortable filling out
the survey and providing honest responses since their confidentiality is assured (Potoglou et al.
2012). Selm and Jankowski (2006) addressed other advantages of online surveys such as the
"absence of interviewer bias and removal of the need for data entry in as much as respondents
directly enter data into an electronic file". Nonetheless, the disadvantages could be losing sight
of who is responding to the survey and excluding participants without access to the Internet
(Selm and Jankowski 2006).

The sample requirements specified for each age and gender strata, shown in Table 3.14, were
implemented on the Prolific platform. A project was launched for each age stratum
individually. Figure 3.24 shows the setting screen for the age group of 18 to 24 in the walking
experiment. The pre-screen was set to invite 86 participants, equally distributed between males
and females, aged 18 to 24, who reside in the UK. This process was repeated for each age
stratum; thus, seven projects were launched for the walking experiment. Data from each project

were combined into one file for analysis.

Select participants

You can send your study to a representative sample (UK or USA), to specific participants using pre-screeners, or to our entire participant
pool. Your study will be then taken on a first-come, first-served basis. Read more about study distribution [

Who should see your study?

O- Representative sample (UK or USA) [o Prescreen participants ] O Everyone
R CRITERIA
Age Edit Remove
Minimum Age: 18, Maximum Age: 24
Sex Edit Remove

Male, Female

Add another one?

Recruit participants

Balance sample
[How many participants are you looking to recruit?]

Distribute your study equally across selected demographics

s 86
Note: It isn't possible to increase places on a balanced study after it has been published. SE‘X
Male = 50.0% Female = 50.0%
=3 43 participants| |43 participants
Location
Where should your participants be located? Available matching participants
@AII countries available Male 3.052
W= | <
= UsA Female 6,511

More

Figure 3.24 The setting screen for launching the survey online (walking experiment)
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However, the cycling experiment was not equally distributed between males and females, as
shown in Table 3.14. Therefore, a project for each age group and gender was launched
individually. Figure 3.25 shows the setting screen for the age group of 25 to 34 in the cycling
experiment. The pre-screen was set to invite 50 male participants, aged 25 to 34, who reside in
the UK. This process was repeated for each age stratum; thus, 12 projects were launched for

the cycling experiment. Data from each project were combined into one file for analysis.

Recruit participants Select participants

You can send your study to a representative sample (UK or USA), to specific participants using pre-screeners, or to our entire participant

How many participants are you looking to recruit? - ° -Scre
pool. Your study will be then taken on a first-come, first-served basis. Read more about study distribution [

& 50

Who should see your study?

() Representative sample (UK or USA) s | () Everyone

‘OUR CRITERIA

Location

ici| dit Remov
Where should your participants be located? Edit move

] @AH countries available
[ m=usa
E8 UK

| More Add another one?

Edit Remove

Figure 3.25 The setting screen for launching the survey online (cycling experiment)

3.12 Analysis of the BWS experiment data

Data analysis is the final step in the research design. The following two subsections provide
the analytical approach used to analyse BWS data for both the walking and cycling
experiments. In summary, two approaches are employed to analysis the BWS data: (a) the
counting approach and (b) the modelling approach. The following section provide details on

these approaches.

3.12.1 Aggregate analysis of BWS data: The counting approach

The simplest way to analyse the BWS data to calculate the different types of scores based on
the frequency of an object (factor) i has been selected as the ‘best’ and the ‘worst’ across all
the questions for respondents n. These scores can be aggregate (total-level) and disaggregate
(individual-level) scores (Finn and Louviere 1992; Lee et al. 2007; Mueller and Rungie 2009).
The study focused on identifying which factors pedestrians and cyclists set the highest and

lowest priority and therefore, only aggregate scores are computed.

The aggregate scores provide the overall ranking of factors across all respondents. If Hj is the
frequency (count) of a factor i which was selected as ‘best’ (highest priority) and L is the
frequency of factor i selected as ‘worst’ (least priority) across all BWS cards and all
respondents, then we can calculate the aggregate BW score, its standardised version as well as
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the square root of the ratio of Hi to L; and its standardised version as follows (Aizaki et al.
2015):

HL; = H; — L [1]
std. HL; = = [2]
sqrt.HL; = PLI—L‘ [3]
std.sqrt.HL; = _SATLAL [4]

max.sqrt.HL;

Where N is the number of respondents, r is the number of times factor i appears in the choice

cards, and max.sqrt.HL,i is the maximum value of sqrt.HLi.

Aggregated scores help interpret trends in the responses of all respondents. The frequency with
which item i is selected as the ‘highest priority’ in all the questions for all the respondents is
denoted as Hj, and that with which item i is selected as the ‘lowest priority’ is denoted as L;.
The counting method for scores related to each factor in BWS (Finn and Louviere 1992) will
be calculated by subtracting the number of times the factor was of ‘lowest priority’ from the
number of times it was of ‘highest priority’ over the choice cards. The possible range of each
factor's score will be +5 to -5 for walking experiment-case 1 design and +6 to -6 for cycling
experiment-case 1 design. The standardised sqrt.HLi helps us to understand the relative
importance between factors. Further, the standard deviation was computed to explore the
heterogeneity in respondents’ preferences regarding the importance of the factors. Whereas the
mean represents the average significance, the standard deviation shows whether the importance
of a factor varies across the sample (heterogeneity for the factor) (Mueller and Rungie 2009).

This analysis is reported in Chapters 5, and 6.

3.12.2 Advanced Analysis

This section summaries the modelling of the BWS data for both walking and cycling
experiments. This analysis includes the Conditional Logit Model (CLM) and Clustering
Analysis (CA). As shown in Error! Reference source not found., the CLM analysis offers
another way of obtaining the complete ranking of walking and cycling factors and can be
compared against the BWS scores obtained by the counting method. The CA focuses on

grouping the BWS data points according to similarities between them.
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Input Data Analytical framework Output
Walking BWS Conditional » Ranking of walking and
experiment Logit Model cycling factors
Cycling BWS Clustering Identify homogeneous
experiment analysis subgroups within the data

Figure 3.26 Summary of advanced analysis of the BWS data

3.12.2.1 Conditional logit

A CLM provides parameter estimates for each of the walking and cycling factors, which
correspond to the ranking order of each factor on an underlying latent dimension (Coltman et
al. 2011), which is a measure of a factor’s importance in relation to other walking and cycling

factors, respectively.

The number of possible pairs in a BWS experiment with m factors (Aizaki et al. 2015) where
respondents choose factor i as the ‘highest priority’ and factor j as the ‘lowest priority’, is given
by the formula m x (m —1). Each factor is assumed to have a utility (v) for each respondent,
and the utility difference between factors i and j represents the respondent's highest utility
difference. Given that these correspond to multiple discrete choices, it is possible to express
these choices as the probability of selecting i as the ‘highest priority’ factor and j as the ‘lowest
priority’ factor can be expressed as a CLM (McFadden 1974):
Prij) = — exp(v; —v})

k=1 Z?;Ll::k exp(vg — vy

[5]

The denominator in equation [5] comprises the summation of all the differences in utility across
the factors k and |, that is the pairs of factors. In this study, the number of factors per BWS card
was five (5), the number of BW possible pairs of two factors out of five being chosen was 20
utility pairs that need to be calculated, hence the estimation of a multinomial CLM and not a

logistic regression model.

To estimate the CLM, the utility of one factor and thus its coefficient is arbitrary set to zero
(normalised) so that the model can be identified (Louviere et al., 2015). Therefore, all other
coefficients are identified as the difference in value from the coefficient of the normalised

factor. The estimated utility (coefficient) of all factors except the normalised one can be
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converted into a “share of preference” for factor i (SPi) based on the CLM rule (Kwon et al.
2020), which shows the relative importance between factors as reflected by the standardised
sqrt.HLi.

_ expy)
Sk = Y7L, exp(vy) [6]

The CLM approach helps to confirm the theoretical assumption of the BWS that respondents
are utility maximisers, and their choices were driven by this principle (Louviere et al. 2015).
Last but not least, the CLM helps to confirm whether each coefficient is (statistically)
significant from zero while the ranking order of each factor is estimated on a common scale.
The quality of the CLM estimates is assessed by model fitting criteria such as pseudo-R-square

as well as likelihood ratio tests (Ben-Akiva and Lerman 1985).

3.12.2.2 Analysis of heterogeneity

Exploratory analysis of heterogeneity

As in all instances involving choices, individuals would not be expected to act/behave the same
way, which gives rise to the case of exploring the heterogeneity in the rankings of BWS scores
for walking and cycling factors. The prior hypothesis is that respondents’ choices for ‘best’ and
‘worst’ may vary. Failure to account for this unobserved heterogeneity can result in weak
correlations between explanatory variables and lead to a biassed evaluation (Coltman et al.
2011). The analysis in the previous section would help determine the mean score and the

standard deviation for each (walking and cycling) factor on a common scale.

Normally, these will be presented in a graph showing the mean and the standard deviation
around the mean for each factor (see for example, Figure 3.27). Factors with a greater standard
deviation have longer lines, indicating potential heterogeneity among participants. The larger
the standard deviation, the more variation among the responses (Mueller and Rungie 2009). In
contrast, a smaller standard deviation would indicate greater consensus among respondents
(e.g., Factor 6 in Figure 3.27); at the limit, a standard deviation of zero indicates that all
respondents concurred on the significance and that there was total agreement. Some factors
with a lower standard deviation would indicate higher agreement of their relative importance
(Mueller and Rungie 2009). Other factors might have a higher standard deviation (e.g., Factor
9 in Figure 3.27) indicating participants’ disagreement and potential heterogeneity on the

relative importance placed by respondents.

124



< I >
Factor 1 > - | ! rh
Factor 2 — | i
Factor 3 < I >
Factor 4 < | >
Factor 5 4—5—5
Factor 6 4—E—>
Factor 7 < || >
Factor 8 < || >
Factor9 < I >
Factor 10 « I >
-0.15 -O.iO -0.(I)5 0.00 0.{|)5 0.10 0.|15 0.50
Mean BW

Figure 3.27 Individual BW scores for each factor

To identify the presence of heterogeneity, the first step would be to plot the standard deviation
against the mean BWS score of each factor (per respondent) as shown in Figure 3.28. The
higher the points on the vertical axis ofFigure 3.27 the higher the likelihood of the presence of

heterogeneity in the BWS choice for that factor.

@ =) Factor 2
E 5 % Factor 1 °
=g by e
= on
- N =]
) = @ Factor3

=) 7
= =
== p
L= 'En Factor 7 ® °
= Y
E E = ® Factors Factor4
oo

L
Factor 6

Higher importance -

Mean BWS score

Figure 3.28 Importance vs. heterogeneity of factors
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To further probe the presence of heterogeneity, we investigate the distribution of the individual
BWS scores against the normal distribution using the 'barplot’ () function in R statistical
language (see Figure 3.29). If the BWS scores for each factor do not follow the normal
distribution, this would also imply the presence of heterogeneity and the need for segmentation

across the sample of individuals (Louviere et al. 2015).

png(filename="wbwbar.png")
barplot(BwWS_Bw, score = "bw")
dev.off()

Figure 3.29 The ‘barplot’ function applied to BWS scores

Cluster Analysis

Having established the potential presence of heterogeneity as shown in the example in Figure
3.28, we employ cluster analysis to categorise observations into different groups or subsets
where all observations within the same group would have similar properties/characteristics
(Dolnicar and Grun 2022). Various clustering methods exist, including hierarchical clusters,
partitioning clusters, fuzzy methods and model-based methods (Templ et al. 2008). As shown
in Figure 3.30, this study will conduct three types of cluster analyses: (a) the Elbow method to
determine the optimal number of classes, (b) K-means to estimate the BWS scores within each

class.

K-means clustering is a widely used clustering method and is preferred due to its simplicity
and efficiency (Han et al. 2011). Therefore, it is also employed in this thesis. The K-means is
aimed at partitioning the space of BWS-score data into K non-overlapping clusters and classify
each observation to the nearest centre of the cluster to maximise the between-cluster variance
as well as minimise the within-cluster variance (Hartigan 1975). K-means is a distance-based
clustering algorithm (Syakur et al. 2018), and thus the variance here is calculated based on the
distance. However, the distance in K-means does not refer to the actual distance between two
observations or samples. Rather, it is used to measure the similarity between two observations

or samples.
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Clustering analysis of BWS data

Step Approach

Identify the number of
clusters based on

aggregate BWS (HL)
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Elbow method
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Estimate the ranking of

factors within each

cluster based on “ K-means
disaggregate BWS (HL)

scCores

Figure 3.30 Overview of clustering methods for the analysis of the BWS data

The Elbow method, in particular, is employed because it can determine the optimal number of
clusters within the BWS-score data and is a visual method (Kodinariya and Makwana 2013,
Syakur et al. 2018). As a first step, the Elbow method commences the search for the optimal
number of clusters starting with two (2) clusters (K = 2) and adds one cluster in each iteration
(Kodinariya and Makwana 2013). The optimal number of clusters is identified via a graph,
which shows the within-cluster-sum of square values (Sum Square Error; SSE) on the vertical
axis (y) and the different candidate cluster values (K) on the horizontal axis (x). The optimal
value of K corresponds to the point where the graph appears as an elbow (Al Ghifari and
Harsanti Putri 2023).

In this study, the Elbow method is applied using the 'Factoextra’ package in R statistical
language. An example specification for calculating the optimal number of clusters is shown in
Figure 3.31.
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set.seed(123)
k.max <- 15
data <- HLcount$aggregate$Bw
wss <- sapply(l:k.max,
function(k){kmeans(data, k,
nstart=50,iter.max = 15 )$tot.withinss})
wss

png (filename="wss.png")
plot(l:k.max, wss,
type="b", pch = 19, frame = FALSE,
x1ab="Number of clusters K",
ylab="Total within-clusters sum of squares')
dev.off()

Figure 3.31 Input specification to determine the number of clusters in the BWS data

The k.max in Figure 3.31 specifies the maximum number of clusters to be explored. The input
data are the aggregate ‘Best’ (H) and “Worst’ (L) counts for each factor and wss corresponds
to a matrix in which the ‘within cluster sum of squares’ (WSS) value is stored for each cluster
value K (2-15). The remaining code provide details to generate a plot similar to Figure 3.32.
The x-axis represents the number of clusters, and the y-axis represents the WSS value. In this
example, the elbow-effect pattern appears at K=3, which has the smallest angle and relatively
low WSS value and thus, corresponds to the optimal number of clusters in the data.
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Figure 3.32 Plot of within cluster sum of squares vs. number of clusters

Having determined the optimal number of clusters, the k-means clustering would then be
applied on the (individual) BWS-standardised-score data for K=3 to compute the within-cluster
BWS scores for each factor (Al Ghifari and Harsanti Putri 2023).
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Normalising the factor ‘air quality’ into zero, the ranking of all other factors are relative to ‘air
quality’. The previous methods would determine, on average, what the ranking of other factors
would be. The participants are categorised into groups using the k-means clustering, a method
that separates participants into k clusters (groups) based on their within-group sum of squares
(Kodinariya and Makwana 2013). Having determined the number of clusters, as shown
previously, the heterogeneity in preferences for walking and cycling factors, is performed by
the k-means clustering using the k-means() function in the stats package in R as follows (Figure
3.33):

R> set.seed(123)
R> kmeans.walking <- kmeans(x = HLcount$disaggregate$Bw, centers = 3)
R> kmeans.walking$centers

Figure 3.33 An example of kmeans function in R for walking experiment

Where ‘HLcount’ is the disaggregate BWS scores and ‘centres’ corresponds to the number of
clusters. Further, as shown in Figure 3.34, the mean HL scores per factor in each cluster can be

plotted by using the barplot() function:

R> barplot(height kmeans.walking$centers,

names.arg = walking_factors,

beside = TRUE, # draw juxtaposed bar

legend = c("cluster.l", "cluster.2", "cluster.3"),
horiz = TRUE,

las = 2,

xTab = "HL score",

xTim = c¢(-5, 5))

Figure 3.34 An example of plotting the mean HL scores per factor in each cluster in R
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Chapter 4: Cognitive Interviews

4.1 Introduction

Cognitive interviewing is a tool used to pre-test survey instruments such as questionnaires and

to evaluate responses’ quality (Collins 2003; Beatty and Willis 2007).

Cognitive interviews can come in different techniques including ‘thinking aloud” and ‘verbal
probing’, which can be used in conjunction (Collins 2003). The ‘thinking aloud’ technique
involves asking the respondents to verbalise their thoughts during questionnaire answering
(Willis 1999b). The think aloud approach reveals the types of information that participants
retrieve from memory when deciding their answer to an item (question) (Knafl et al. 2007). In
the verbal probing technique, the interviewer asks specific questions based on the responses
(Beatty and Willis 2007). The ‘verbal probing’ technique involves asking the respondents to
verbalise their understanding of questionnaire items and rephrase or comment on the items’

wording (Knafl et al. 2007).

In this study, both techniques were used to ensure the internal validity of the BWS experiments
within the overall survey instrument. The cognitive testing implementation, sampling and
thematic analysis of the data are discussed in Chapter 3 (section 3.9). Therefore, this Chapter

is mainly for analysing results and discussing the cognitive interview data.

4.2 Data analysis

The analysis of cognitive interviews is built upon coding and interpretation of recorded notes
taken during the interview (Willis and Artino 2013). These notes usually indicate substantial
observations about the functioning of an item (Willis and Artino 2013). The interviews were
audio-recorded, and notes were taken throughout. Verbatim transcription and notes relevant to
each factor were aggregated across the interviews. All interesting features of the data, either
dominant trends that repeatedly emerge or detect in only a single interview, such as "there is a
little bit of vagueness”, "It is almost like the fourth one is contained within the fifth", " | have

never really heard that word before, so | cannot be sure what that is meant” were coded.

Willis (1999b) pointed out that some issues might turn out to be very important, even if they
are only discovered in one interview, because they can significantly impact data quality in some
cases, or because these issues are likely to be quite common in the final survey. Codes were

sorted into themes, collating all data pertinent to each theme. Further, following the thematic
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analysis as described by Braun and Clarke (2006), a recursive rather than a linear process of
coding issues of the factors, aggregating codes into themes, reviewing, defining and naming

themes was conducted to produce the result in the next section.

The themes that emerged were categorised under two main groups: how the participants

approached the BWS task and understanding the factors.

4.3 Results

In both sets of interviews, ten themes emerged, with four relating to how the participants
approached the BWS task and six concerning understanding the factors. The following sections

present all themes in detail, selected cases, and illustrative quotes from participants.

4.3.1 How the participants approached the BWS task

Four themes were identified in terms of how the participants approached the BWS task:

e Missing a frame of reference,
e Travel context,

e Decision-making strategy, and
e Concrete thinking

Theme one: Missing a frame of reference

The repeated question on each choice card in both experiments, “Out of the five factors below,
which are The Most and The Least Important factors that would encourage you to (walk
more/ride a bicycle)”, lacked a frame of reference. Some participants were hesitant about
deciding because they believed their choices would depend on the purpose of travel. They

usually confirm their uncertainty by saying, ‘it depends’, for example,

“I suppose it depends on the type of walk, if it is walking to work, the street furniture and
amenities is probably neither here nor there. If it is going on a long walk, well, perhaps that is

slightly more relevant” (P4);

“I suppose it depends on the purpose of encouraging me to ride a bicycle, if it was for
commuting and transport rather than pleasure then | suppose length of delay would probably

be the most important factor” (P11);

“That depends whether if I am cycling to work, and I got to be there for a certain time but if

want to go for a weekend ride, it makes a difference” (P12).
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Missing a frame of reference may make it more challenging to respond to the question, make

people more unsure of their responses, and potentially could lead to misinterpretation.
Theme two: Travel context

The cognitive interviews revealed that some participants responded in terms of their current

travel situation rather than hypothetically. For example,

e P17 constantly interpreted the factors in terms of her situation: “If I was aware that a cycle
pathway was not lit at all, I would probably avoid it. And so certainly sections of the [cycle
path through the park], I would not cycle along there in the dark because they are not lit.”;

e Another participant (P18) said “In [the city] where I live, I do not think there was anything
complicated about how, where to move and know where to cycle but maybe in a city like
London or bigger cities, it is much more complex than where [ am.”;

e “If I was somebody who would go out for a walk when it is dark, I probably choose that as
the most important. But in terms of my own preferences, and | would not go out for a walk
at night, I would choose that as my least important” (P2).

Further, one participant in the cycling experiment had a very rural point of view. P12 answers

were based on the countryside, and he never looked at the factors in terms of his preferences

in the abstract. P12 pointed out having a sort of an ‘urban bias’ in that a lot of factors are
relevant to the urban environments, where there are lots of cycle paths and complex road
structures, whereas, in the countryside, it is much more basic. The participant did acknowledge
that: “It is sort of semi-rural where | live, but if I lived in [a big city] probably, navigating the
city safely would probably rank a bit higher for me. The signs and direction as, to me, does not
have any impact, but I guess it depends on the end user. If | perhaps live in a city centre, |

perhaps will use it more often.”

This theme showed that some participants responded in terms of their preferences for the
existing infrastructure rather than what improvement they would prefer to encourage them to

walk or cycle. This issue is linked to the wording of the repeated question in theme one.
Theme three: Decision- making strategy

This theme addresses the different strategies the participants followed to make their choices.
Some participants followed the heuristics approach, which provides a framework for
individuals to make satisfactory decisions with less effort (Shah and Oppenheimer 2008). For

example, P15 was looking for the shortest statements and keywords in each choice card; if she
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could not find any, she would return to start from the beginning. In one of the choice cards,
P15 said: “Sorry, I am aware that [ am sort of hopping from one to the other. I am going to go
back to the first question.” Similarly, P14 concentrated on the short sentences and bothered
with the long ones "It is just a long one. I will come back to that one later."”

Compensatory decision making was also evident in the decision strategies of some participants.
This strategy entails that the selected alternative is the most advantageous relative to the
alternatives in terms of the total weighted advantages of all features considered and maximises
benefits (Shiloh et al., 2001). For example,

e P18 was compensating one factor for another; “There is a few good ones here that the most
important. I am kind of torn between third and fourth, but I think for me most often is the
lighting as a female, especially in the evenings. | prefer to have very clear visibility not only
from my bike, but from the streetlights. So, I can see far if there is anyone there.”;

e “I think the most important one for me would be the fourth, feeling safe while riding bicycle
along the pathway. That is really good in comparison to other options. That is the one that
jumps out and connect with me in terms of most important” (P17);

e “I think this is the harder choice actually. Because I am tempted on one, four and five. But
I will probably go for five because I think if there was low noise and low air pollution, then
that would kind of suggest that one and four are also sort of dealt with ... that there is low
pollution, there is probably low traffic or I am further away from it. So, | would go for the
fifth one. And then the least important probably that obstruction one because as | said before,
if that is a problem, I can cross the road and you know, do a bit of a detour. I think the time
spent on crossings is quite an interesting one actually. Because my route says if | walk into
town, it could take 10 minutes, or it can take sort of 15 if | get stuck at every zebra crossing
kind of thing, we have to push the button and wait for that court. So, that is quite an
interesting one, but nowhere near as important as the other three; one, four and five. | would
say that the obstruction one is definitely still the least important for me.” (P4).

Furthermore, methodical approach was also apparent with the participant P3, as she wanted to
understand the thought about everything before deciding. On the first-choice card, P3 ranked
the factors from the most to the least important. However, by telling her that the task is to
choose one as the most important and one as the least important, she said: “I feel like even if
that is the goal, | feel like this still be my process. | would kind of rank them in my head and
then determine which is the most and which is the least.”
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Theme four: Concrete thinking

While attempting to interpret certain factors, some participants appeared to think in concrete
terms. On the first-choice card, P3 was uncertain as almost all the factors were abstract, such
as ‘Crossing points follow desire lines’, ‘The width of the footway and the ability for
pedestrians to maintain a distance from traffic’, and ‘Feeling safe while walking along the
footways.” But the second-choice card included factors such as ‘Street furniture and amenities
(e.g., benches and/or ledges for sitting, rubbish bins, drinking fountains, heat lamps, public
restrooms)’, ‘The level of noise and air pollution that pedestrians might be exposed to’ and
‘Availability of measures to slow down traffic and give priority for pedestrians.” So, the
participant (P3) said, “This makes much more sense than the previous one. It is got specific

suggestions, suggestions for improvements, I think this is easier for me to engage with.”

Another participant (P5) appreciated examples: “If I took it away from that example, the bits
of brackets, | would look at street furniture and amenities and go probably think of benches
and other stuff ... bins, and things like that. But it is nice to have it laid out in a way that
confirms while thinking.” Further, when there were no examples, P5 tried to think of one, “The
way it is currently phrased ... because there is no a specific object like an intangible kind of
concept. | have got to mentally think about. So, in my head, | am thinking about going down a
public footway and then all of a sudden, there is a tree in the way that is across the footway. |
had to visually imagine it because there is no exact word for tree in the footway or any other

object. Just being hung up on that one trying to make it more linguistic.”

4.3.2 Understanding of the factors

Six themes were identified concerning the understanding of the factors in both experiments
(see Error! Reference source not found. andError! Reference source not found.): (1)
Factors with ambiguous words or phrases; (2) Overlapping of two or more factors; (3) Factors
phrased negatively; (4) Factors containing technical terms; (5) General wording issues; and (6)
Presupposition about some factors. Those themes are detailed as follows.
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Table 4.1 Walking themes highlighted by the participants about walking factors

No? Factor Description Ambiguous  Overlapped
factors phrased factors wording issues
1 Feel of safety Feeling safe while walking along the footways 1(4,13)°
4 Buffer zone Adequate separation between traffic and the footway 2 (13)
Traffic volume Traffic volume low, or you can keep distance from
moderate traffic volumes
6 Traffic speed Traffic speeds low, or you can keep distance from 2(4)
moderate traffic speeds
8 Location of Crossing points follow desire lines
Ccrossings
9 Gaps in traffic Possibility of crossing a route where no controlled 1(18)
crossings present
11 Green man time The total time given for pedestrians to cross
13 Footpath width
14 Gradient How steep or hilly is the pathway?
15 Street  furniture Street furniture and amenities (e.g. Benches and/or
and amenities ledges for sitting. Rubbish bins. Drinking fountains.
Heat lamps. Public restrooms)
16 Footpath materials The materials used to create a pavement for
pedestrians
17 Walking barriers ~ Having no obstructions that restrict clearance width
of the footway
19 Traffic noise The level of noise and air pollution that pedestrians

might be exposed to

a. Walking factors numbered as of Table 1

b. # of participants indicating issues

c. Factor number that overlapped with the current factor




Table 4.2 Cycling themes highlighted by the participants about cycling factors

No? Factor Description Ambiguous  Overlapped Negatively Technical  General
words factors phrased factors term wording issues
1 Surface material Pathway construction providing smooth and level 2b (2)c
surface
2 Surface quality Density of defects including raised/sunken covers, 1(5)/1(5,
gullies, potholes 12)
3 Pathway width Cycling comfortably without risk of conflict with 1
other users (effective path width)
4 Gradient How steep or hilly is the pathway? 1
5 Fear of crime Feeling safe while riding a bicycle along the pathway 1 (10, 19)
7 Conflict at Availability of measures to reduce the risk of 2
junctions collisions at junctions
8 Road markings and  Non-complex and self-explanatory cycling network 1
layout design
9 Conflict with Risk of collision resulted from conflict with kerbside 3 1
kerbside activity activity
11 Traffic volume Risk of collision because of increasing traffic volume
12 Conflict with Risk of collisions due to conflict with Heavy Good 1
Heavy Good Vehicles (HGVs)
Vehicles (HGVs)
14 Unnecessary Cycling pathway clear of physical hazards such as 2
hazards evasion room, guardrail
17 Delay at junctions The length of delay caused by junctions 1(18)
18 The length of delay caused by not being able to 1
bypass slow moving traffic
19  Ability to join/ The ability for easily and safely join and navigate 1
leave route safely along the pathway and between different routes in the
network
22 Isolation Availability of overlooked routes throughout its 2
length
17 Delay at junctions The length of delay caused by junctions 1(18)

a. Cycling factors numbered as of Table 1
b. # of participants indicating issues
c. Factor number that overlapped with the current factor
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Theme One: Factors with ambiguous words or phrases

Several participants reported ambiguity issues about the instructions for BWS choice cards, as

follows:

Some participants did not notice the title ‘Best-Worst scaling” and others were uncertain about

its meaning:

e “I did not read the title, did 1?” (P2);

e “Ithink the title totally does not make sense. I do not know what Best-Worst scaling means”
(P3);

e “I am not sure it describes what the tasks are” (P19).

Further, some participants hesitated at the first bullet point as they were reading through:

e “I think the first one is difficult to read in terms of how it is phrased” (P3);

e “I think that sentence does not flow particularly well to me. It caught me out as you heard I
was reading it ... It [flowed] too quickly, without punctuation” (P9);

e “I just got caught up in the language a little bit. It was just the flow did not quite work for
me reading it out loud” (P13);

e “It is quite a long sentence without any commas. I do not get on well with that sentence”
(P14).

Some participants, also found the third bullet point “approach is too long” (P9) for the point

message and difficult to read “I do not get on with that” (P14).

In addition, several participants were confused by numbers in the last bullet point:

e “Thatis not very clear, because I think either your sums are wrong, or there are duplications”
(P4);

e “The part that is confusing me is that there is seven repeats with five slides per page, but
there is only 25 different factors” (P11).

Furthermore, some participants found the instruction difficult to follow:

e “Itis a little bit complicated to visualise exactly what is going to happen” (P3);

e “I would want to read over again” (P15);

e “Harder to retain some of the information” (P19).

Furthermore, one participant found the phrase ‘feeling safe’ in ‘Feeling safe while walking

along the footways’ ambiguous about what it referred to being safe from, “feeling safe is still
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a little bit ambiguous of what that really means. Feeling safe from other people or feeling safe

from cars” (P3).

Indeed, the other participants interpreted ‘feeling safe’ in one of these three ways, without

reporting it as an ambiguous or general term:

e “I think you feel safe if it is a public footpath that is used regularly and there is plenty of
people around ... also, I suppose feeling safe could be, you know, anybody could have a fall
or something” (P2);

e “I am thinking like the fear of effectively crime or in a flip side like natural danger”, such
as “walking along a river” (P5);

e “I guess from traffic. I would not want to walk along the motorway or dual carriageway”
(P8);

e “I guess thinking about a bit more probably traffic is definitely one part of it. But probably
also, I guess, feeling safe, as in feeling safe from other people that are walking as well or
might be in the area. So that would be another consideration as well. As well as probably
bicycles and other users of the footpath” (P6).

However, by asking those who considered one side of hazards about the other side, they said;

e “I have overlooked at it now you said that (the possibility of getting hit by a car) I would
probably include about it but did not first come to mind” (P5);

e "I live in quite a rough area as it is. And | have always been okay. So, it (physical safety
from other people) does not overly bother me” (P8).

Two participants (P18 and P20) were confused about the word ‘measures’ in ‘Availability of

measures to reduce the risk of collisions at junctions’ and found it very broad,

e “What measures, what do you mean by those measures. What do you classify as the
measures that reduce the risk? So, is it like the lying policemen or whatever you call it? Or
is it a sign, or some kind of barriers, or the lights?” (P18) ;

e “What would those measures be? I do not have knowledge about what the measures in this
case” (P20).

The participant (P18) also found that ‘Non-complex and self-explanatory cycling network

design’ was difficult to read, “That is quite complicated question.” However, after rereading,

she went to describe the item in detail: “I mean in [this city] I do not think there is anything

complicated about how, where to move and where to cycle but maybe in a city like London or
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bigger cities, is much more complex.” Further, she explained why she thought it is a

complicated item; “It is a kind of thing a lot of sentences. It is not the kind of answer quickly.”

Three participants (P16, P17 and P20) were confused about the meaning of ‘kerbside activity’
in the factor ‘Risk of collision resulted from conflict with kerbside activity’. English was not
the participant’s (P16) first language, so her first reaction was, “Oh, what is the kerbside?". By
explaining the meaning to her, she imagined “roadworks surrounded by large signs as she
cycled along the pathway, there is a risk of collision with the diggers and the people working
there.” P17 read the kerbside activity as “there would be people walking along the pavement.”
However, she indicated that “It could also be interpreted as more of parked vehicles alongside
a kerb. So, I guess again, there is a little bit of vagueness”. P20 first response was that she is
not sure about kerbside activity. However, once P20 was asked to imagine what kerbside could
be, she responded, "Well, maybe cars using the kerb as well to park and that could block the
traffic.”

Further, one participant (P11) was confused about ‘The length of delay caused by not being
able to bypass slow moving traffic’: “I was just trying to get my head around the length of
delay caused by not being able to bypass slow-moving traffic, whether that was on a bike or
that would encourage me to be on a bike as opposed to be in the car. So, | think there is some
ambiguity there.” Another participant (P13) pointed out that ‘The ability for easily and safely
join and navigate along the pathway and between different route’ was too long and “It is just a

mouthful of a sentence. A lot of construction going on there.”

The phrase ‘evasion room’ was placed wrongly in ‘Cycling pathway clear of physical hazards

such as evasion room, guardrail’. However, only two participants (P14 and P15) indicated this
issue, “I assume they [evasion room] are to keep cars from coming on to the cycle paths, where
some cycle paths have bollards. That is sprung to my mind. Particularly, we are talking about
the pathway being clear of physical hazards. And then, such as should be an example of the
physical hazard not evasion room, which is the opposite. That really confused me” (P14);
“evasion room, maybe something protecting you from the cars. Or I think I would focus more
on the idea of physical hazards rather than the evasion room and the guardrail. And I would
make a decision dependent on physical hazards rather than these more specific things, or |
would google it” (P15).
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Theme two: Two or more overlapping factors

One participant (P3) found ‘The width of the footway and the ability for pedestrians to maintain
a distance from traffic’ to overlap with ‘Adequate separation between traffic and the footway’
as both factors offer a distance from traffic: “I am not sure what in practice that means the
difference between those two.” Another participant (P6) found those two factors to overlap
with ‘Feeling safe while walking along the footways’: “maybe just that one, feeling safe while
walking along the footways, kind of ties in a bit to the separation of traffic and the footway
width.”

Likewise, two participants (P4 and P10) found ‘Traffic speeds low, or you can keep distance
from moderate traffic speeds’ to overlap with ‘Adequate separation between traffic and the
footway’: “because they are also offered me the chance for adequate separation” (P4). One
participant (P3) indicated an overlap between ‘Possibility of crossing a route where no
controlled crossings present’ and ‘Availability of measures to slow down traffic and give

priority for pedestrians’: “giving priority to pedestrians is also enabling them to cross safely.”

One participant (P13) found ‘Pathway construction providing smooth and level surface’ “is
kind of covered with” the ‘Density of defects including raised/sunken covers, gullies, potholes.’
Further, P13 found that ‘Feeling safe while riding a bicycle along the pathway’ “is redundant”
to the feeling safe offered by ‘Reducing the speeds of motor vehicles on the shared route’ and
‘The ability for easily and safely join and navigate along the pathway and between different

routes in the network’ as all these factors “make you feel safe.”

One participant (P19) indicated that ‘Density of defects including raised/sunken covers, gullies,
potholes’ “kind of encompasses” ‘Feeling safe while riding a bicycle along the pathway’.
However, another participant (P15) had the opposite opinion that ‘Feeling safe while riding a

bicycle along the pathway’ “encompasses the risk of collisions and the defects on the road.”

Two participants (P3 and P6) found ‘The width of the footway and the ability for pedestrians
to maintain a distance from traffic’ to overlap with ‘Adequate separation between traffic and
the footway’. This is because both factors offer a distance from traffic, “I am strung! ... [ am
not sure what in practice that means the difference between those two. Is the first one about the
width of the path and the last one is about the separate? How separate that path is from the
traffic? I guess” (P3).
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Further, P6 found ‘The width of the footway and the ability for pedestrians to maintain a
distance from traffic’ and ‘Adequate separation between traffic and the footway’, to overlap
with ‘Feeling safe while walking along the footways’, "I think there is a bit of overlap between
some of the factors. The width of the footway and the ability for pedestrians to maintain
distance from traffic, seems quite similar to the last option, adequate separation between traffic
and the footway. So, maybe that could just be combined, or may | think the last one is kind of
a bit easier to digest and a bit clearer. So, maybe just that one feeling safe while walking on the
footways kind of ties in a bit to the separation of traffic and the footway."

Likewise, P4 and P10 found ‘Traffic speeds low, or you can keep distance from moderate
traffic speeds’ to overlap with ‘Adequate separation between traffic and the footway’, “because
you are saying if the traffic speeds moderate, | could keep my distance from it. But then they
are also offered me the chance for adequate separation” (P4); “It is quite similar to the first one

(Adequate separation between traffic and the footway) really, isn't it?” (P10).

One participant (P3) indicated an overlap between ‘Possibility of crossing a route where no
controlled crossings present’ with ‘Availability of measures to slow down traffic and give
priority for pedestrians.” This is because “giving priority to pedestrians is also enabling them
to cross safely. It is almost like the fourth one (Possibility of crossing a route where no
controlled crossings present) is contained within the fifth (Availability of measures to slow
down traffic and give priority for pedestrians). So, | think they are both related to crossing
safely. | feel like if that measure was there, whatever it is to slow down traffic and give priority
to pedestrians, then | would not have that problem with the crossing the route with no control

crossings. So, it feels like the same kind of thing."

Two participants (P3 and P7) found ‘Pathway construction providing smooth and level surface’

to overlap with ‘Density of defects including raised/sunken covers, gullies, potholes’,

e “Ithink almost the density of defects including raised sunken, gullies, that is kind of covered
with the smooth and level surface. So, perhaps those ... pathway construction and
maintenance providing smooth and level surface would probably cover both those two
points” (P13);

e “Tam a little bit torn on this one in terms of the most important. Two of them are very similar
in terms of the actual level of the pathway that you are cycling on. The density of defects,
including raised or sunken covered gullies and potholes. If that density is exceptionally high,

that is not going to be a pleasant ride. But likewise, if the pathway construction provides a
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smooth and level surface, that is going to be a really pleasant ride. | do think they are at

opposite ends of the same spectrum” (P17).
One participant found ‘Feeling safe while riding a bicycle along the pathway’ to overlap with
both ‘Reducing the speeds of motor vehicles on the shared route’ and ‘The ability for easily
and safely join and navigate along the pathway and between different routes in the network’,
“The reducing speed of motor vehicles on the shared route, and the ability to join and navigate
and leave the cycle route, make you feel safe. So, saying feeling safe as an option is just a
redundant entry” (P13).

Two participants (P9 and P5) found an overlap between ‘Feeling safe while riding a bicycle
along the pathway’ with ‘Density of defects including raised/sunken covers, gullies, potholes’,
“Feeling safe while riding a bicycle along the pathway is nearly most important but not as good
as the density one because they kind of makes me feel safe knowing if there is a pothole kind

of encompasses it” (P19).

Further, P15 found ‘Feeling safe while riding a bicycle along the pathway’ includes both
‘Density of defects including raised/sunken covers, gullies, potholes’ and ‘Risk of collisions
due to conflict with Heavy Good Vehicles (HGVs)’, “I think feeling safe encompasses the risk

of collisions and the defects on the road as well.”

One participant (P9) found an overlap between ‘The length of delay caused by junctions’ with
‘The length of delay caused by not being able to bypass slow moving traffic’, “My kind of
thought process is slow-moving traffic is often caused by junctions. So, if you took away the
slow-moving traffic, you would still have junctions. But if you took away the junctions, you

might lose the slow-moving traffic and be able to bypass.”
Theme three: Factors phrased negatively

P3 pointed out that ‘Possibility of crossing a route where no controlled crossings present’ factor
“does not feel like it is a choice for the pedestrian to make ... because almost objectively.” And
she went to describe it “I am imagining like a very busy road. And there is no sort of defined
way of crossing it. So, you have to use your own judgment and wait for cars to stop and that to
me, it causes anxiety.” In addition, P9 found the word ‘crossing’ a problem of “the same word
[that has] different meanings in the same sentence.” P9 also pointed that such a factor can only
be seen as a negative “It would only be ever at least important ... If it is most important for me,

what | am basically saying is | want to run around in traffic because I do not want traffic lights,
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| do not want zebra crossings, | do not want whatever pedestrian bridges or tunnels etc. | do

not want them. What I want to do is run to cross the road.”

Some participants (P4, P5 and P10) looked bewildered because of the double-negatives in

‘Having no obstructions that restrict clearance width of the footway’ factor,

e “Itis a little bit of a no and then a restrict” (P4);
e “I have to reread already. Sorry, I was hung up on the word restrict clearance width, the
phrase there as a 2% can digest” (P5);

e “Itisa bit ambiguous ... I am not sure about it” (P10).

P4 also found the term ‘rubbish bins’ in street furniture and amenities factor “a negative item
tends to suggest household waste.” Further, some participants noticed the negative start ‘risk
of collision’ in the wording of three factors ‘Risk of collision resulted from conflict with
kerbside activity’, ‘Risk of collision because of increasing traffic volume’, and ‘Risk of
collisions due to conflict with Heavy Good Vehicles (HGVs)’: “It is obviously inferred, but

you want to reduce that, not increase that” (P13).

Negatively phrased factors could make the participants underestimate their value, neglect their
importance, and most probably not choose them.

Theme four: Factors containing technical terms

Two phrases, one in each experiment, ‘desire lines’ in ‘Crossing points follow desire lines’ and
‘overlooked routes’ in ‘Availability of overlooked routes throughout its length’, were hard to

understand by several participants and caused different interpretations:

e “T have never heard [desire lines] before. So, I cannot be sure what that is meant” (P1);

e “T have not come across the phrase very much” (P3);

e “I do not really understand the crossing points follow desire lines factor. I would not know
how to interpret that one” (P6);

e “I do not really know what you are saying there [overlooked routes], to be honest. So, I
cannot necessarily say how important it is if [ do not understand” (P13);

e “I am not sure I really understand. That is quite vague to me. I am not sure it is easily
understood” (P17).

Theme five: General wording issues

Several participants were uncertain about the meaning of the word ‘footway', which was

included in a number of the factors,
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e “Itis not a word I have actually sort of heard or used before" (P2);

e “The word footway to me is not the most commonly used and I wonder if that is been
considered footway” (P3);

e “It is interesting the word footway. I then imagine more of an off-road country path.
Although there would not be any traffic anyway” (P4);

e “In England we never use the word footway” (P5);

e “I am wondering what footway means? like a footpath or the pavement or the driveway”
(P7).

The participants suggested changing ‘footway’ to either ‘footpath’ or ‘pavement’, “I probably

use footpath. Footpath, I think, to me sounds footway” (P2); “Footpath would be ideal” (P3);

“The word footpath, maybe pavement is a better one, actually” (P4).

In addition, the interviews revealed that the gradient factor ‘How steep or hilly is the pathway?’,
phrased the same in both experiments, was chosen as the most important factor on both
opposite sides. For example, P7 chose this factor as the most important because she walks
through “a lot of hills” on her way to work and “feels like getting a proper workout from that.”
On the other hand, two participants (P15 and P17) in the cycling experiment chose the gradient
factor as the most important factor because they want to know about it before experience a new
route, P15 had “ridden up some really long hills and it [was] killer for [her] legs and would
have preferred not to.” P17, also indicated that “If I am riding my bike, I want to ride my bike,
| do not want to have to get off every few 100 yards because | feel like | am in Letape du Tour
de France and | am heading up a steep gradient. | probably would want to know what the
gradient is and how long that gradient goes on for just to prepare myself”. Therefore, the reason
behind choosing this factor as the most important, whether desirable or not, will not be apparent

unless in an interview.

Moreover, two participants (P7 and P14) found the wording of the gradient factor inconsistent

with the other factors,

e “Maybe this does not need to be a question. Because that would be more cohesive with the
other points” (P7);

e “That is a question, not a statement. That is very confusing. It should be definitive. It should
not be a question” (P14).

Finally, P14 was hesitant to respond to the pathway width factor ‘Cycling comfortably without

risk of conflict with other users (effective path width)’ and found “the use of brackets is
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probably not that useful ... [and the statement] is just a long one. [and that he] will come back

to that one.”
Theme six: Presupposition about some factors

Some participants had presuppositions about some factors as either not realistic or facts that
could not be changed. For example, two participants (P5 and P10) in the walking experiment
thought that the level of noise and air pollution is a fact that cannot be changed and should be

accepted:

e “I do not see that is necessarily off putting. If I am walking somewhere locally, the levels of
air pollution will not be too dissimilar to my local area. So, | feel like it is a bit of a negated
statement per se, because if | am breathing bad air at home, 1 am probably going to breathing
the same bad air outside. And so, it does not impact my walking at all. So, | do not think
levels are going to change much” (P5);

e “If I thought I was going to go for a walk around the city, then that is what [ would be
expecting there. I would be expecting the noise. | would be expecting the car pollution. |
would be expecting pedestrians, it would be a busy environment. So, | suppose it depends
on the area that you are walking in. It would not put this off. It would not be the most or the
least important to us. It would just be a factor that is there” (P10).

However, P16, in the cycling experiment, was confident that “The level of noise [is] important,

but do not know how they would reduce it” (P16).

Further, one participant (P17) chose ‘The continuity of cycling pathway’ as the least important
factor because she thought of it as unrealistic: “We do not have many continuous cycling paths,
a lot of it is roads or walking paths. So, it is not realistic, | do not think for it to be a continuous

cycling pathway. So, it would not be an important factor for me.”

Further, one participant (P10) discounted the gradient factor, ‘How steep or hilly is the
pathway?’, as a factor that could encourage or put her off from walking; “If you want to do
something, you do it whether it is if you want to go somewhere, you are going to walk. Me
personally, I would not put this off. If it was steep or hilly, I would. If that is what | was

expecting to do, I would do it.”
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Chapter 5: Data analysis — Investment priorities for walking

5.1 Introduction

In this stage of the study, an online public survey was conducted in the UK between February
and March 2022. As indicated in Chapter 3, the study aims to introduce a preference-based
elicitation approach to understand pedestrian and cyclist perceptions regarding walking and
cycling infrastructure. In particular, this study stage aimed to elicit user preferences regarding
priorities for investment in walking infrastructure using the BWS experiment. The instrument

was enhanced following the cognitive testing discussed in Chapter 4.

The target population were adults aged 18 and over in the UK. The target sample size was 385
participants divided into strata based on age and gender (see discussion in section 3.10, Chapter
3). Age was divided into seven groups: those aged 18 to 24 were the first group, and 75 years
and over were the last group. For this purpose, the survey was launched in the Prolific platform
and was defined by seven ‘projects.’” Participants were exclusively recruited for this study.
Each ‘project’ represented one age group and was equally distributed between males and

females. Data from each ‘project’ were then combined into a single file for analysis.

5.2 Data preparation

The first step of processing the survey data was identifying any issues related to the pre-analysis
and cleansing of the survey data. A total of 399 responses were recorded for the walking
experiment. Initially, a pre-screen process looked at any missing/incomplete data and screened

out 13 respondents.

Further analysis of the remaining 386 responses was undertaken to ensure the reliability of the BWS
choice cards. For this purpose, three diagnostic questions were included at the end of each BWS block
in the questionnaire to allow respondents to report whether they understood the set of choice cards
presented to them (see Table 5.1).

Table 5.1 Diagnostic questions in the ‘walking experiment’

QL. In the choices, did you Q2. Did you look at all Q3. Were you able to make comparisons
understand the descriptions the items presented and to large extent informed
in the cards? in the cards? choices?

Yes, all of them 323 83.7% Yes 375 97.2% Yes, in all choices 258 66.8%

Most of them 61 158% No 11 2.8% In most of the choices 121  31.3%

Some of them 2 0.5% In some of the choices 6 1.6%

No, not at all 0 No, not at all 1 0.3%
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Most participants (99.5%) stated that they understood most of the descriptions in the choice
cards. Only two participants indicated that they understood some of the descriptions in the
cards. These two participants were also among those eleven participants who indicated they
‘did not look at all the items presented in the cards.” Respondents who did not look at all the
items (factors) shown in the choice cards might denote an inaccurate comparison between the
factors. Therefore, 11 participants, representing 2.8% of the 386 respondents, were excluded

from further data analysis (see Q2 column in Table 5.1).

Also, as shown in Table 5.1 (Q3 column), more than 98% of the participants were able to make
comparisons and informed choices. Only one participant (0.3%) could not and thus was
excluded from further analysis. Furthermore, six participants pointed out that they were able to
‘in some of the choices.” One of these participants was among the eleven who indicated not
looking at all the items in the cards. The remaining five participants were under further analysis

of the time taken to complete the BWS task.

On the Qualtrics platform, a timing function was set up to record these values without
displaying that information to participants. The timing function recorded the time (in seconds)
of the participant's first and last click, the time taken to submit the page, and the number of
clicks (see Table 5.2).

Table 5.2 Participants’ completion times for those who were able to make comparisons in ‘some of the

choices’
CC# FClick LClick PS C# | FClick L Click PS C# | FClick L Click PS C#
Participant # 97 Participant # 123 Participant # 165
1 6.1 7.7 8.8 2 3.8 13.5 202 5 0.5 29.4 316 13
2 1.5 24 3.6 2 12.4 18.1 190 2 0.9 13.3 141 7
3 1.6 6.4 7.5 3 10.7 134 141 2 0.8 17.7 187 7
4 1.6 2.3 3.2 2 4.5 7.2 7.8 2 1.3 54.7 554 13
5 18.1 20.7 225 2 17.9 27.9 283 4 4.8 28.7 29.7 12
6 2.0 4.6 5.6 2 94 12.3 128 2 1.7 16.7 176 13
7 1.1 4.2 5.0 3 14.0 19.8 202 3 1.3 27.1 283 9
Participant # 309 Participant # 318
1 35.9 122.6 1249 7 19.8 25.8 272 2
2 30.3 39.2 41.3 3 194 28.0 306 2
3 17.6 38.6 39.2 2 15.8 25.6 266 3
4 11.2 15.0 16.0 2 11.2 28.8 29.7 2
5 14.2 27.2 27.8 2 22.1 27.4 286 2
6 15.3 19.0 20.3 2 4.0 12.7 137 2
7 15.5 25.9 27.2 2 6.9 14.5 155 2

Note: CC#: Choice card number, F Click: Time of first click (in seconds), L Click: Time of last click (in seconds), PS: Total
time spent on the page, C#: Click count on the page
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As shown in Table 5.2, each one of the five participants spent between two to five minutes
completing the set of choice cards. Only one participant (no. 97) spent one minute. For each
one of those participants, the time they spent on each choice card (see PS column in Table 5.2)
differed significantly from one card to the other. These differences might refer to the difficulty
of differentiating between the factors. Further, some participants clicked the button to choose
the highest and the lowest priority more than twice (see C# column in Table 5.2), indicating

the effort to weigh the pros and cons of the different factors to make the preferences.

In addition, Figure 5.1 shows the five participants’ choices per block each one was assigned to.
The arrows up and down refer to which choice the participant chose as the highest and lowest
priority, respectively. The figure also shows the frequency of the other participants’ choices
among the different choices on each card. The five participants’ choices were not invariant in
most choice cards. Further, the participants’ choices were close to a great extent to the majority
of the other participants’ choices. Therefore, the participants who indicated that they were able

to make comparisons in ‘some of the choices’ were all included in the survey data.

Choice card no. 1 2 3 4 S 6 7
Options |1 |2 |3 (4 |5|1|2(3|4(5|1|2|3(4|5|1|2[3|4|5|1|2 4|5 2|3 51123 (4]|5
Freq. of highest priority [20{18| 6 |70|14| 7 | 18|24 |64 |15]49|46| 3 |1515|17|24|32|20|35| 7 |25|20|73| 3 |22|33|32| 6 |35 9 |13|80|10|16
Freq.of lowest priority [51(27|15]11|24]|43|10|31| 3 [41]13| 5 [47|15|48|34|42|16|32| 4 |45/12| 7 |3 |61|19|44|11|44|10(36|13| 4 |56|19
Participant# 309 4 * 4 * 4 * * 4 4 * * 4 * 4
Choice card no. 1 2 3 4 S
Options (1|2 |3 5(1(2|3|4(5]1]2/3|4 11234 1|23 /45|12 5|1 3(4(5
Freq. of highest priority |67(16|25{12(10]| 4 | 8 [62|51| 5| 6 |43|24| 5 |52|43|38|28|19| 2 (29|41|17|15|28|80|23| 0 | 9 |18]|34|22|23|27|24
Freq.of lowest priority |13(30(|25|21(41]|44|43|2 | 6 |35]24|11|17|68|10|11| 9| 7 |32|71(14|14|42|29|31| 5 |15|54|11|45|37|45| 8 (23|17
Participant¥ 97 ¥ 4 4 ¥ 4 ¥ 4 ¥ 4 ¥ ¥ 44 ¥
Patticipant® 123 | 4 . IO LR Y Y
Participant# 165 4} * 4 % * 4} 4 * * * 4* % * 4
Choice card no. 1 2 3 4 & 6 7
Options (1|2 |3 |4 |5(1|2|3|4|5]1/2|3|4|5|1|2|3 /4|5|1|2|3 5 3/ 4/5|[1(2(3|4]|5
Freq. of highest priority |26 (39| 14|34 |15]|18| 4 [18|23|65]34|60|11|14| 9 |32| 5 |44|11|36| 6 |25|21|25|51|71| 6 |15|17|19|38|10|34(39| 7
Freq.of lowest priority |22(18|47|19(22]19|55(16|35| 3| 9| 5 |30|34|50|18|56| 7 |42| 5(43|17| 7 |57| 4| 8 |45/20|23|32|11|31|12|16|58
Participautt 318 ¥4 4 ¥ ¥ [4] [V 4 4 4 \AAANE

Figure 5.1 Preferences choices for those who were able to make comparisons in ‘some of the choices’

Another criterion was the time taken to complete the survey and the BWS task, in particular
(see Table 5.3). Almost two-thirds of the respondents (62.2%) completed the survey for up to
ten minutes. This number increased to cover 90.2% of the participants who took 15 minutes.
Further, more than half of the participants (58.5%) took three minutes to complete the BWS

task. Which was in line with the preliminary testing of the survey.
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Table 5.3 Time taken to complete the survey including the BWS task

Total response time BWS response time

Time n % Cumulative  Time n % Cumulative
<3 mins 1 0.3% 0.3% <1min 13 3.4% 3.4%

3-4 mins 6 1.6% 1.8% 1-2 mins 72 18.7% 22.0%
4-5 mins 16 4.1% 6.0% 2-3 mins 141 36.5% 58.5%
5-6 mins 26 6.7% 12.7% 3-4 mins 81 21.0% 79.5%
6-7 mins 43 11.1% 23.8% 4-5 mins 45 11.7% 91.2%
7-8 mins 54 14.0% 37.8% 5-6 mins 20 5.2% 96.4%
8-9 mins 54 14.0% 51.8% 6-7 mins 5 1.3% 97.7%
9-10 mins 40 10.4% 62.2% 7-8 mins 5 1.3% 99.0%
10-15 mins 108 28.0% 90.2% 8-9 mins 2 0.5% 99.5%
15-20 mins 30 7.8% 97.9% 9-10 mins 1 0.3% 99.7%

> 20 mins 8 2.1% 100% > 10 mins 1 0.3% 100%
Mean Median Std. Dev. Mean Median Std. Dev.
10.365 8.858 4.773 3.038 2.741 1.450

Three minutes was the mean time to complete the BWS task, and 10.3 minutes for the survey
(see Table 5.3). All responses within three standard deviations of the mean time to complete
the survey and the BWS task were deemed eligible (reliable) responses. Therefore, only 11

responses were excluded from further analysis.

Finally, Table 5.4 shows the proportion of respondents excluded under each criterion. We
excluded from further analysis participants who claimed not to understand some of the
descriptions in the cards (n = 2), did not look at all the items presented in the cards (n = 11),
and were unable to compare the options in the choice cards (n = 1). Furthermore, participants
who did not complete the survey (n = 5) or the BWS task (n = 6) within three standard
deviations of the mean time were also excluded. Therefore, the total number of participants
excluded was 22, representing 5.7% of the sample. This aligns with similar studies such as
Netten et al. (2012). In which a range between 5% and 10% is acceptable.

149



Table 5.4 Summary of excluded respondents

Criteria Exclusion
n %

Did not understand some of the descriptions in the cards 2 0.5%
Did not look at all the items presented in the cards 11 2.8%
Were not able to make comparisons between the options in the choice cards 1 0.3%
Survey duration 5 1.3%
BWS task duration 6 1.6%
Total 25 6.5%
Total (after sorting out duplicate respondents in more than one criterion) 22 5.7%

The total excluded number of responses is relatively small and distributed almost evenly across
the different age and gender strata (see Table 5.5).

Table 5.5 Summary of excluded respondents by gender and age group

Male Female Total
Age group

n % n % n %
18-24 0 0% -2 -0.5% -2 -0.3%
25-34 -1 -0.3% -6 -1.6% -7 -1.8%
35-44 -3 -0.8% -1 -0.3% -4 -1.0%
45-54 -2 -0.5% 0 0% -2 -0.5%
55 -64 -1 -0.3% -1 -0.3% -2 -0.5%
6574 0 0% -1 -0.3% -1 -0.3%
75+ -1 -0.3% -3 -0.8% -4 -1.0%
Total -8 -2.2% -14 -3.8% -22 -5.7%

5.3 Individual characteristics

As shown in Table 5.6, the sample of the walking experiment comprised 184 (50.5%) male and
180 (49.5%) female respondents (N = 364).

The proportion of married or those in civil partnership among the study respondents was
38.2%, and those cohabiting/living together represented 18.1% of the sample. Further, one-
third of the respondents (34.3%) were single. In terms of education, 44.2% of the respondents
held Bachelor’s degree, followed by those who held a high-school certificate (38.2%).
Regarding employment status, more than a third (38.5%) of the respondents worked full-time,
11.8% worked part-time, 19% retired, and only 4.7% were unemployed. Finally, 36.5% of the

sample lived in a town or small city, 24.5% in suburban areas, and 21.7% in a big city.
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Table 5.6 Sample characteristics

Number of participants (%)

Gender

Males 184 (50.5)

Females 180 (49.5)

Age (years) Total Males Females

18-24 85 (23.4) 43 (11.8) 42 (11.5)

25-34 63 (17.3) 34 (9.3) 29 (8.0)

35-44 56 (15.4) 27 (7.4) 29 (8.0)

45-54 48 (13.2) 23 (6.3) 25 (6.9)

55 - 64 46 (12.6) 23 (6.3) 23 (6.3)

65— 74 35 (9.6) 18 (5.0) 17 (4.7)

75+ 31 (8.5 16 (4.4) 15 (4.1)

Marital status Total Males Females
Single 125 (34.3) 68 (18.7) 57 (15.7)
Cohabiting/living together 66 (18.1) 29 (8.0) 37 (10.2)
Married or civil partnership 139 (38.2) 73(20.1) 66 (18.1)
Divorced 24 (6.6) 10 (2.8) 14 (3.9)
Widowed 10 (2.8) 4(1.1) 6 (1.7)
Education level

No education qualification 3(0.8) 1(0.3) 2 (0.6)
Primary school 1(0.3) 1(0.3) 0 (0.0
High school 139 (38.2) 64 (17.6) 75 (20.6)
Undergraduate 161 (44.2) 91 (25.0) 70 (19.2)
Postgraduate (e.g. Masters, PhD) 60 (16.5) 27 (7.4) 33(9.1)
Employment status

Full time 140 (38.5) 84 (23.1) 56 (15.4)
Part time 43 (11.8) 15 (4.1) 28 (7.7)
Self-employed (own business) 23 (6.3) 14 (3.9) 9(2.5)
Homemaker 22 (6.0) 3(0.8) 19 (5.2)
Student 50 (13.7) 19 (5.2) 31 (8.5)
Retired 69 (19.0) 40 (11.0) 29 (8.0)
Unemployed 17 (4.7) 9(2.5) 8(2.2)
Area

A big city 79 (21.7) 37 (10.2) 42 (11.5)
Suburban 89 (24.5) 51 (14.0) 38 (10.4)
Town or small city 133 (36.5) 67 (18.4) 66 (18.1)
Country village 52 (14.3) 25 (6.9) 27 (7.4)
Farm or home in countryside 11 (3.0) 4(1.1) 7(1.9

5.3.1 Household characteristics

The two income groups with the highest proportion of participants (22% each) were those
earning between £20.001 and £30.000 and those earning more than £50.000, the highest income
category in the questionnaire. The lowest income category, less than £10.000, got the smallest
percentage of participants (6.6%). Further, more than half of the respondents (55.8%) lived
with two adults, and 19.2% lived alone (see Error! Reference source not found.). This was

followed by about 15% of the respondents who lived with three adults. More than three-
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quarters of the respondents (76.6%) had no children, and around 16% had one child. 9.5% of

the respondents had one child at a secondary school and 7.5% at a primary school.

M Secondary school

300 @ Primary school

76.6% ONursery school

No children

OPre-school
250
55.8%
2 adults
-

19 (6.5%) |

200

150

1(0.3%)
1(0.3%)

:|3 (1.0%)

100 19.2%
I live alone

One child Two children Three children

14.8%

& 3 adults

50 PR,
[ 15.9%

H i

a1 cl_nl’d(-

. 5.8%

4 adults

4.4%
>4 adults

.__ . .
v T11% L7

Figure 5.2 Household members

Regarding vehicles, 291 respondents (79.9% of the sample) indicated having cars or vans, of
which 165 respondents (45.3%) have one vehicle, and 97 respondents (26.6%) have two
vehicles. Bicycles were the second-highest proportion of the vehicles owned by the
respondents. Seventy-two respondents (19.8% of the sample) have one bicycle, and 56 (15.4%)

have two bicycles.

5.3.2 Travel behaviour

almost all the participants (98.6%) can walk independently. Only five participants (1.4%)

indicated needing assistance, and all chose “walking sticks or crutches.”

Respondents were asked how frequently they walk for more than ten minutes as a means of
transport and how frequently they walk to work or education places. Figure 5.3 shows that
almost two-thirds of the respondents (229 respondents, representing 62.9% of the sample)
indicated walking at least thrice a week. Out of these, 30.2% walk every day. Only 3.3% of the

respondents never walked (as a means of transport) for more than ten minutes.

In contrast, 43% of the respondents indicated that they never walk to work or education places.
However, about one-third of the respondents (29.3%) claimed walking three or more times a

week to work or education places, of which 16.4% claimed walking daily.

152



Every day 110 (30.2%) 42 (16.4%)

tiri:s: ;n vc\)/:ek (%32.7) 119 (%12.9) 33
Once or twice (%18.1) 66 (%9.0) 23
More than

twice a month (%5.8) 21 (%3.1) 8

Once or twice

amonth (%4.7) 17 (%3.5) 9

Less often (%5.2) 19 (%12.1) 31

Never FZRIC)RV: (%43.0) 110

B Walk > 10 mins = Frequency of walking to work/education place

Figure 5.3 Walking frequency

Among the 256 respondents who work or study, 26% lived between 1 and 3 miles from their
work or study place. The respondents who lived less than one mile were about 23%, followed
by 20% of respondents who lived more than ten miles from their work/education place.

5.4 Attitudes, beliefs, and travel behaviour

The survey investigated respondents’ attitudes on walking infrastructure, safety, environment,
beliefs and travel behaviour. The available responses were ‘strongly agree’, ‘agree’, ‘neutral’,
‘disagree’, ‘strongly disagree’ and ‘not applicable’. Unless otherwise stated, the percentages
are the combined percentages of participants who responded either ‘strongly agree’ or ‘agree’;
for brevity, these participants were categorised into a single ‘agree’ category. Similarly, those

who responded ‘strongly disagree’ or ‘disagree’ were categorised as ‘disagree’.

Regarding footpath infrastructure, the majority of respondents (79.9%) agreed on the
importance of allocating more funds for footpath improvement. Also, 44.2% agreed that not
enough convenient pedestrian crossings were available. In addition, nearly two-thirds of the
respondents affirmed the priority of improving footpaths’ connectivity and providing improved
access to new areas for development by 64.6% and 61.3%, respectively. Only 10.7% strongly
agreed they would drive less if more footpaths existed. When considering walking safely, half
of the respondents (50.3%) disagreed that fears for their safety prevent them from walking
more often. However, 36.3% indicated that concerns about their safety prevent them from
walking. Further, two-thirds of the respondents (66%) agreed that adverse weather conditions

prevent them from walking more often.
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In terms of the environment, most of the respondents (80.8%) agreed with the high importance
of protecting the environment. Further, 64% of the respondents were willing to walk more
frequently to reduce air pollution, and 66.5% indicated that they make an effort to walk as a

means of transport whenever possible.

Finally, regarding beliefs and travel behaviour, 60.7% of the respondents agreed that a car is
an easily accessible mode of transport. In contrast, 45.3% disagreed that other modes of
transport cannot replace their car. However, more than half of the participants (51.1%) agreed
with the importance of privacy when travelling. Half of the participants, 51.7% and 49.4%,
respectively, agreed that traffic congestion is a way of life and not a significant problem.
Further, two-thirds of the respondents (64.8%) agreed to tolerate delays if they were
comfortable travelling. Nonetheless, 56.6% consider that they are wasting time when they have

to wait, and 20% disagree.

5.5 Aggregate analysis of BWS preferences: The counting approach

BWS data can be analysed using count analysis to examine choice frequencies (Aizaki et al.
2015; Cheung et al. 2019) and thus determine each factor’s rank position (Coltman et al. 2011).
The highest-lowest frequency score for each of the 21 walking factors was calculated according
to the number of times participants selected a factor (as highest or lowest priority). Positive
values of Highest minus Lowest means that the given factor was chosen more frequently as
“‘highest’” than ‘‘lowest’” (Cohen 2009). As shown in Table 5.7, the Highest-Lowest (H-L)
aggregated score (hereafter, BWS scores) (Finn and Louviere 1992) can be calculated by
subtracting the frequency of each factor being chosen as the lowest priority (L) from the

frequency of it being chosen as the highest priority (H) (see columns 3-5 in Table 5.7).

For example, the factor “Footpath provision” was chosen as the highest priority 272 times and
the lowest priority 36 times; its BWS score (236) was the highest. The second highest priority
was “Footpath condition”, followed by “Lighting”, with BWS scores of 234 and 192,
respectively. The lowest priority factors were “Gaps in traffic” and “Traffic noise”, with BW'S
scores of -229 and -211, respectively. More participants consider the “Buffer zone” as
important (H-L > 0) while “Street furniture and amenities” for example is less important (H-L
< 0). In the middle, there are several factors with somewhat similar priority, such as: “Air
quality”, “Green man time”, and “Location of crossings”. These factors, in the middle of the

scale, were either not often chosen as highest or lowest priority or were chosen as highest

154



priority about the same frequency as lowest. The BWS scores for the top ten walking factors

were between 236 and 18.

Table 5.7 BWS scores for walking factors

Rank  Factors (Factors Number) H L H-L Sqrt LN. 1/L Relative
(H/L) Sqrt importance
(H/L)
1 Footpath provision (7) 272 36 236 2.75 1.01 0.028 91.4
2 Footpath condition (13) 263 29 234 3.01 1.10 0.034 100
3 Lighting (2) 235 43 192 2.34 0.85 0.023 71.7
4 Footpath width (14) 223 53 170 2.05 0.72 0.019 68.1
5 Buffer zone (4) 193 34 159 2.38 0.87 0.029 79.1
6 Traffic control devices 154 77 77 1.41 0.35 0.013 46.8
(18)
7 Traffic volume (5) 147 78 69 1.37 0.32 0.013 45.5
8 Feel of safety (1) 126 92 34 1.17 0.16 0.011 38.9
9 Traffic speed (6) 99 73 26 1.16 0.15 0.014 38.5
10 Air quality (19) 112 94 18 1.09 0.09 0.011 36.2
11 Green man time (12) 85 89 -4 0.98 -0.02 0.011 32.6
12 Location of crossings (9) 83 93 -10 0.94 -0.06 0.011 31.2
13 Dropped kerbs and tactile 69 121 -52 0.76 -0.28 0.008 25.2
paving (21)
14 Visibility (3) 88 147  -59 0.77 -0.26 0.007 25.6
15 Gradient (15) 89 190  -101 0.68 -0.38 0.005 22.6
16 Street furniture and 89 195 -106 0.68 -0.39 0.005 22.6

amenities (20)

17 Walking barriers (17) 64 182 -118 0.59 -0.52 0.005 19.6

18 Footpath materials (16) 46 189  -143 0.49 -0.71 0.005 16.3

19 Crossings waiting times 48 230 -182 0.46 -0.78 0.004 15.3
(11)

20 Traffic noise (8) 47 258  -211 0.43 -0.85 0.004 14.3

21 Gaps in traffic (10) 16 245 -229 0.26 -1.36 0.004 8.6

Another measure from the BWS scores is the square root of the highest over lowest priority
counts, Sqrt (H/L), and the natural log of the ratio of highest over lowest priority counts,
LN(H/L) (see, columns 6 and 8 in Table 5.7). The hypothesis to be tested, using the square
root, is whether there is an inverse relationship between the highest (H) and lowest (L) priority
counts (Louviere et al. 2015). In such an experiment, a factor is not expected to be
simultaneously the highest and the lowest priority. So, if the highest priority counts increase,
the disapproval (lowest priority) should decrease. However, it is expected that if the highest
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priority counts (H) increase for a factor, one divided by the lowest priority counts (1/L) for that
factor would also increase and vice versa. The hypothesis can be tested by plotting H, the
highest priority count, on the x-axis and 1/L, the inverse of the lowest priority on the y-axis, as

shown in

Figure 5.4.

0.040
v =0.0001x - 0.0008

= 0.851
0.035 -

0.030 .

0.023

0.020

1/ Least

0.013
L

0.010

00035

0000

0 50 100 130 200 250 300
Highest priority count

Figure 5.4 Highest priority (H) vs. 1/Lowest (1/L) for walking factors

Figure 5.4 shows a positive linear relationship between the highest and (1/Lowest priority)
counts and confirms the prior assumption that they are positively correlated (Louviere et al.
2015). As discussed in Chapter 3, the BWS scores are also expected to be directly proportional
to the logarithm of the square root ratio, LN[Sqgrt (H/L)] (Louviere et al. 2015). Figure 5.5
shows that the relationship between the BWS scores and the natural logarithm of the square
root (see, Column 7 in Table 5.7 BWS scores for walking factors) is almost perfectly

proportional.
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The resulting coefficient from the square root of H/L measures the choice probability compared
to the highest priority factor benchmark of 100% (Flynn et al. 2007). Table 5.7 (Column 9)
shows the relative importance of each factor compared to the highest priority factor "Footpath
condition™ (which is denoted as 100). The top seven factors were more than 45% as likely to
be chosen as the highest priority. The relative importance of "Lighting" is considered to be
77.7%, "Traffic speed” is 38.5%, and "Crossings waiting times™ is only 15.3%. The probability
of choosing "Traffic speed" is about 38.5% comparing to the probability of choosing "Footpath
condition™ as priority (100%). The relative importance for "Dropped kerbs and tactile paving",
"Visibility", "Gradient", and "Street furniture and amenities" is almost the same far away from
"Footpath condition™. The probabilities for choosing these four factors as important were about
25%. As shown in Figure 5.6, the square root of the highest-to-lowest priority counts are on

the y-axis, and the walking factors on the x-axis.
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Figure 5.6 The relative importance of the factors

From Figure 5.6, it is possible not only to observe the order of the factors in terms of their
importance but also to compute 'how many times' one factor is more (or less) important than
another. For example, “Footpath condition” (Sqrt(H/L) = 3.01) is three times more important
than “Green man time” (0.98) and approximately 12 times more important than “Gaps in
traffic” (0.26). Further, “Air quality” (1.09) is twice as important as “Street furniture and
amenities” (0.59) and “Walking barriers” (0.49). The top ten factors account for approximately
72.7% of the variation, whereas the last 11 factors account for only 27.3%. As shown in Figure
5.6, the relative importance between the factors shows that the range of scores among the last
11 factors differs by only 0.7, which implies that participants were broadly indifferent about
these factors.

5.6 Disaggregate analysis of BWS preferences

The mean of the individual BWS scores (Table 5.8) is obtained by dividing the BWS scores by
the sample size (364) (Mueller and Rungie 2009).

Table 5.8 Mean and standard deviation of the individual BWS scores for walking factors

Ranking Factors (Factors Number) Mean of individual Stdev. of individual
H-L H-L

1 Footpath provision (7) 0.65 0.13

2 Footpath condition (13) 0.64 0.12

3 Lighting (2) 0.53 0.10

4 Footpath width (14) 0.47 0.09

5 Buffer zone (4) 0.44 0.08
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Ranking Factors (Factors Number)

Mean of individual

Stdev. of individual

H-L H-L
6 Traffic control devices (18) 0.21 0.04
7 Traffic volume (5) 0.19 0.04
8 Feel of safety (1) 0.09 0.02
9 Traffic speed (6) 0.07 0.01
10 Air quality (19) 0.05 0.01
11 Green man time (12) -0.01 0.00
12 Location of crossings (9) -0.03 -0.01
13 Dropped kerbs and tactile paving (21) -0.14 -0.03
14 Visibility (3) -0.16 -0.03
15 Gradient (15) -0.28 -0.06
16 Street furniture and amenities (20) -0.29 -006
17 Walking barriers (17) -0.32 -0.06
18 Footpath materials (16) -0.39 -0.08
19 Crossings waiting times (11) -0.50 -0.1
20 Traffic noise (8) -0.58 -0.11
21 Gaps in traffic (10) -0.63 -0.12

As shown in Figure 5.7, the mean of the BWS scores indicates how often each factor was

chosen as the highest or lowest priority. Factors more often selected as highest than lowest are

on the right-hand side with positive BWS scores. The highest priority factor on average was

“Footpath provision”. It was selected as the highest priority on average 0.75 times and as lowest

priority 0.10 times per respondent, giving a total average of highest priority equal to 0.65 times.

The second highest priority was “Footpath condition”, with an average highest priority of 0.64

per respondent.
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Figure 5.7 Mean and standard deviation of the individual BWS scores for each factor

Further, factors often selected as lowest than highest priority (BWS scores < 0) are on the
second half of the vertical axis. The lowest priority factor was “Gaps in traffic”, with an average
of -0.63 out of 5 appearances chosen as the lowest priority. Factors in the middle were either
not often selected as highest or lowest or were selected as highest the same number of times as
lowest. For example, “Green man time” and “Location of crossings” both had BWS scores

mean of -0.01 and -0.03, respectively.

The mean of the individual BWS scores shows that the two most important factors, “Footpath
provision” and “Footpath condition”, were three times more important than “Traffic control
devices”. The mean of the BWS scores for these two factors lies on the right side of the vertical
axis (positive side). This means most participants consistently ranked these two factors as the
highest priority whenever these factors appeared in a choice task. In contrast, most of the mean
BWS scores for the lowest priority factor, “Gaps in traffic”, were on the left side of the vertical
axis (negative side), indicating that the majority of participants consistently ranked this factor

as the lowest priority whenever it appeared in a choice task.

Further, factors with a mean BWS score around zero, such as “Green man time” (-0.01), were
almost neither chosen as the highest nor the lowest priority. In comparison, the heterogeneity

in choices of highest and lowest priority for the factor “Air quality” (mean = 0.05) cancelled
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each other out. Ranking of the factors based on the mean of the individual BWS scores agrees

with that of the aggregated ranking.

The mean of the BWS scores shows the ranking of the factors based on their importance to the
participants. However, it does not indicate how individual preferences vary in the importance
of each factor separately. For example, the mean of the factors that were in the middle in Figure
5.7, such as “Air quality” (mean = 0.05) and “Green man time” (-0.01), could be the
consequence of all participants rating them as medium importance or it could be a result of
averaging out participants who rated them highly with those who did not, which indicates
heterogeneity among the participants (Mueller and Rungie 2009). Therefore, the standard
deviation was computed to explore the heterogeneity in respondents’ preferences regarding the
importance of the factors. Whereas the mean represents the average significance, the standard
deviation shows whether the importance of a factor varies across the sample (heterogeneity for
the factor) (Mueller and Rungie 2009).

As shown in Figure 5.7, the standard deviation of each factor is represented by a line with two
points on each end, indicating one standard deviation around the mean from both sides. The
line length represents the proportion of participants with lower or higher individual BWS scores
for this factor relative to the mean of the BWS scores. Factors with a greater standard deviation
have longer lines, indicating potential heterogeneity among participants. The larger the
standard deviation, the more variation among the responses. In contrast, a smaller standard
deviation indicates greater consensus among respondents; at the limit, a standard deviation of
zero indicates that all respondents concurred on the significance and that there was total
agreement. Some factors with a lower standard deviation indicate higher agreement of their
relative importance (e.g., buffer zone, traffic speed, and location of crossings). Some other
factors have a higher standard deviation, such as traffic noise, gradients, crossings waiting time
and street furniture and amenities, indicating participants’ disagreement and potential

heterogeneity on the relative importance placed by respondents.
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Chapter 6: Data analysis - Investment priorities for cycling

6.1 Introduction

This chapter extends the analysis presented in Chapter 5 onto the ‘cycling experiment’. In this
experiment, the target population was adults aged 18 years and over who lived in the UK and
were able to cycle. The target sample was 385 participants divided into strata based on age and
gender (discussion in section 3.10, Chapter 3). Age was divided into six groups: those aged 18
to 24 were the first group, and 65 years and over were the last group. Gender was divided into
males and females. Therefore, the survey was defined by 12 ‘projects’ in the survey platform.

Data from each ‘project’ were then combined into a single file for analysis.

6.2 Data preparation

A total of 464 responses were recorded for the cycling experiment. The pre-screen process

screened out 36 responses with missing/incomplete data.

The study is only interested in those who can cycle to provide preferences to encourage cycling;
therefore, a question was introduced to pre-screen those who can ride a bicycle (see Table 6.1).
Forty-three participants indicated they could not ride a bicycle and thus were excluded from

further analysis.

Table 6.1 The pre-screen question

Can you ride a bicycle? Freq.
Yes - and | have regular access to a bicycle (including borrowed or public hire bikes) 180
Yes - but | don't have regular access to a bicycle 205
No 43
Total 428

Further analysis was undertaken to ensure the reliability of the remaining 385 responses. The
same three diagnostic questions used in the walking experiment were introduced at the end of
each block of the cycling experiment to allow the respondents to report their understanding of

the choice cards presented to them (see Table 6.2).
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Table 6.2 The diagnostic questions for the ‘cycling experiment’

Q1. In the choices, did you Q2. Did you look at all Q3. Were you able to make

understand the descriptions the items presented comparisons and to large extent
in the cards? in the cards? informed choices?
Yes, all of them 335 87.0% Yes 380 98.7% Yes, in all choices 249  64.7%
Most of them 46 119% No 5 1.3% In most of the choices 127  33%
Some of them 4 1% In some of the choices 9 2.3%
No, not at all 0 No, not at all 0

More than 98% of the participants indicated that they understood most of the descriptions in
the choice cards (see Q1 column in Table 6.2). However, four participants (1%) pointed out
that they understood some of the descriptions and thus were excluded from further analysis.
Another four participants out of five (the fifth one was among the previous four in Q1) were
excluded because they indicated not looking at all the items shown in the cards (see Q2 column
in Table 6.2).

Further, Table 6.2 (Q3 column) shows that more than 97% of the participants were able to
make comparisons and informed choices. Only nine participants (2.3%) pointed out that they
were able to make comparisons ‘in some of the choices.” However, two participants were
among the four who were excluded because they indicated understanding only some of the
descriptions in the choice cards. The remaining seven participants were under further analysis
of the time taken to complete the BWS task (see Table 6.3).

As shown in Table 6.3, each of the seven participants spent between 1.20 to 5 minutes
completing the choice cards. Most of these participants spent significant time on some of the
choice cards (see PS column in Table 6.3), denoting the difficulty of differentiating between
some factors. Further, some participants clicked the button to choose the highest and the lowest
priority more than twice (see C# column in Table 6.3), indicating the effort to weigh the pros

and cons of the different factors to make the preferences.

163



Table 6.3 Participants completion times for those who were able to make comparisons in ‘some of the

choices’
CC# FClick LClick PS C# | FClick LClick PS C# | FClick LClick PS C#
Participant # 55 Participant # 114 Participant # 214
1 2.2 38.0 39.5 12 | 104 58.2 62.8 7 1.9 31.8 425 6
2 3.9 11.5 133 3 18.8 25.7 29.7 2 28.4 353 362 2
3 7.4 13.3 153 4 133 17.0 209 2 3.7 12.7 139 2
4 253 38.0 39.7 3 16.4 26.0 272 3 11.7 16.8 173 3
5 14.3 19.6 209 3 46.9 49.7 520 2 6.4 15.8 164 2
6 8.0 10.5 874 2 18.6 21.9 235 2 4.2 10.2 11.0 4
7 32 7.3 8.4 3 28.4 31.2 323 2 2.8 4.9 5.8 2
Participant # 107 Participant # 270 Participant # 120
1 33 45.7 489 7 0.7 11.5 123 8 21.0 27.4 289 2
2 16.8 23.6 270 2 0.9 19.6 204 5 38.1 41.2 42.6 2
3 22.0 41.6 439 2 7.9 18.5 194 4 13.1 243 25.7 2
4 34.0 48.5 51.1 3 0.7 6.7 7.5 3 6.8 18.2 194 2
5 9.5 29.6 321 2 0.7 8.1 8.7 5 11.2 20.9 226 2
6 11.9 17.3 206 2 6.6 20.8 21.5 4 20.9 27.4 283 2
7 13.4 23.6 258 2 32 7.7 8.6 4 4.3 49.9 512 5
8 6.0 32.5 346 2 0.7 16.1 169 4
Participant # 329
1 9.8 11.3 123 2
2 11.1 12.2 13.1 2
3 3.0 8.4 9.7 2
4 3.8 9.3 10.5 2
5 2.0 9.0 102 2
6 3.9 8.3 9.3 2
7 5.8 7.6 8.9 2

Note: CC#: Choice card number, F Click: Time of first click (in seconds), L Click: Time of last click (in seconds), PS: Total
time spent on the page, C#: Click count on the page

In addition, Figure 6.1 shows the seven participants’ choices compared to the other

participants’ choices. The arrows up and down refer to which choice the participant chose as

the highest and lowest priority, respectively. The seven participants’ choices were not invariant

in most choice cards. Further, the participants’ choices were close to a great extent to the

majority of the other participants’ choices. Therefore, the participants who indicated that they

were able to make comparisons in ‘some of the choices’ were all included in the survey data.
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Choice card no. 1 2 3 4 5 7
Options |12 (3 (4|5|1(2|3 511(2|3 |4 3|4 2134 1 3(4(5|1|2(3(4|5(1(2(3|4]|5
Freq. of highest priority | 9 |22(24|33|10]/19|51| 7 |10(11{13|19|40| 0 |26] 3 (27|21|17|30(10| 2 |46(17|23|30( 0 |24|17|27| 7 |42|20(20| 9 |38|10|28| 5 (17
Freq.of lowest priority |55 7 [ 5|5 (26| 9 |2|16|22/49|24| 6| 9 |44|15|53 511012502 |75/ 4(8|9|2|85/6|3|2]|39/8|0]|5|46|5(33|11(40|9
Participant¥# 107 * 4} * * * * * * + % 4 *
Participant# 270 * 4 * 4 * 4 * 4 * 4 * 4 ¥ 4 * 4
Choice card no. 1 2 3 4 5 6 7
Options | 1 (2 (3|4 |5]|1 3|4 |5|(1(2|3|4(5|1|2(3(4|5|12|3 S|1|2|3|4(5|1(2(3|4]|5
Freq. of highest priority |30( 2 (36| 9 |21 4 |20|19(39|16| 1 |46| 3 |15|33[34|26| 6 | 5 |27|46| 1 |30| 8 |13|10|15|13|23(37|47|15|16|12| 8
Freq.of lowest priority | 6 (65| 5 |11|11|54| 6 |15 5 |18|76|2 |12| 4 | 4|4 |10({30|44|10( 1 |76| 0 | 5 |16|39| 6 |27|19| 7| 8 |13|18|18|41
Participant# 55 4 * * 4 4 ¥ 4 * * 4 * 4 * 4
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Figure 6.1 Preferences choices for those who were able to make comparisons in ‘some of the choices’

The second criterion of the experiment's reliability was the time to complete the survey and the
BWS task (see Table 6.4). More than half of the participants (51.2%) completed the survey for
up to ten minutes. This number increased to 87.3% of the participants who took 15 minutes.
Further, 53.5% of the respondents took between two to three minutes to complete the BWS
task.

Table 6.4 Proportion of participants by time taken to complete the survey and the BWS task

Total response time Choice cards response time
Time n % Cumulative Time n % Cumulative
3-4 mins 2 0.5% 0.5% <1 min 5 1.3% 1.3%
4-5 mins 7 1.8% 2.3% 1-2 mins 61 15.8% 17.1%
5-6 mins 13 3.4% 5.7% 2-3 mins 140 36.4% 53.5%
6-7 mins 45 11.7% 17.4% 3-4 mins 83 21.6% 75.1%
7-8 mins 56 14.5% 31.9% 4-5 mins 47 12.2% 87.3%
8-9 mins 47 12.2% 44.2% 5-6 mins 24 6.2% 93.5%
9-10 mins 27 7.0% 51.2% 6-7 mins 11 2.9% 96.4%
10-15 mins 139 36.1% 87.3% 7-8 mins 6 1.6% 97.9%
15-20 mins 33 8.6% 95.8% 8-9 mins 5 1.3% 99.2%
> 20 mins 16 4.2% 100% 9-10 mins 1 0.3% 99.5%

> 10 mins 2 0.5% 100%
Mean Median  Std. Dev. Mean Median  Std. Dev.
10.826 9.85 4.961 3.299 2.894 1.665

The mean time to complete the survey was 10.8 minutes, and the BWS task was 3.3 minutes
(Table 6.4). As for the ‘walking experiment’, all responses within three standard deviations of
the mean time to complete the survey and the BWS task were deemed eligible (reliable)

responses. Therefore, only ten responses were excluded from further analysis.
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Finally, Table 6.5 shows the proportion of respondents excluded under each criterion. We
excluded from further analysis participants who claimed not to understand some of the
descriptions in the cards (n = 4), and did not look at all the items presented in the cards (n = 5).
Furthermore, participants who did not complete the survey (n = 6) or the BWS task (n = 6)
within three standard deviations of the mean time were also excluded. Therefore, the total
number of participants excluded was 18 (after sorting out duplicate respondents in more than
one criterion), representing 4.7% of the sample, which falls within the acceptable range (Netten
et al. 2012).

Table 6.5 Summary of excluded respondents

Criteria Exclusion
n %

Did not understand some of the descriptions in the cards 4 1.0%
Did not look at all the items presented in the cards 5 1.3%
Survey duration 6 1.6%
BWS task duration 6 1.6%
Total 21 5.5%
Total (after sorting out duplicate respondents in more than one criterion) 18 4.7%

The total excluded number of responses is relatively small and distributed between the different

age and gender strata (see Table 6.6).

Table 6.6 Summary of excluded respondents by gender and age group

Age group Male Female Total
n % n % n %

18-24 -1 -0.3% 0 0% -1 -0.3%
25-34 -2 -0.5% -2 -0.5% -4 -1.0%
35-44 -5 -1.3% 0 0% -5 -1.3%
45 - 54 -1 -0.3% 0 0% -1 -0.3%
55 - 64 -2 -0.5% -3 -0.8% -5 -1.3%
65 + -2 -0.5% 0 0% -2 -0.5%
Total -13 -3.4% -5 -1.3% -18 -4.7%

6.3 Individual characteristics

As shown in Table 6.7, the sample of the cycling experiment consisted of 243 (66.2%) male
and 124 (33.8%) female participants (N = 367). Single participants represented the highest
proportion (42.2%) of the marital status among the participants, followed by those who were

married or in a civil partnership (34.9%) and cohabiting/living together (18%). Regarding
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education, 46.1% of the participants were undergraduates, 33.5% held a high-school certificate,

and 19.4% held a postgraduate degree.

In terms of employment status, more than half of the participants (52%) worked full-time,

followed by those who worked part-time (13.1%), 10.6% were students, and only 6% were

unemployed. Figure 6.2 shows that more than one-third of the participants (35.9%) indicated

working/studying five days a week or more, and 19% indicated not working or

working/studying from home. Finally, 35.4% of the sample lived in a town or small city, 27%

in suburban areas, and 21% in a big city (see Table 6.7).

Table 6.7 Sample characteristics

Number of participants (%)

Gender

Males 243 (66.2)

Females 124 (33.8)

Age (years) Total Males

18 -24 76 (20.7) 50 (13.6)
25-34 71 (19.4) 48 (13.1)
35-44 63 (17.2) 40 (10.9)
45 - 54 67 (18.3) 45 (12.3)
55-64 48 (13.1) 33(9.0)
65+ 42 (11.4) 27(7.4)
Marital status Total
Single 155 (42.2)
Cohabiting/living together 66 (18.0)
Married or civil partnership 128 (34.9)
Divorced 12 (3.3)
Widowed 6 (1.6)
Education level

No education qualification 2 (0.5)
Primary school 2 (0.5)
High school 123 (33.5)
Undergraduate 169 (46.1)
Postgraduate (e.g. Masters, PhD) 71 (19.4)
Employment status

Full time 191 (52.0)
Part time 48 (13.1)
Self-employed (own business) 28 (7.6)
Homemaker 6 (1.6)
Student 39 (10.6)
Retired 33(9.0)
Unemployed 22 (6.0)
Area

A big city 77 (21.0)
Suburban 99 (27.0)
Town or small city 130 (35.4)
Country village 50 (13.6)
Farm or home in countryside 9(2.5)
Do not know 2(0.5)

Females
26 (7.1)
23 (6.3)
23 (6.3)
22 (6.0)
15 4.1)
15 4.1)
Males
110 (30.0)
39 (10.6)
86 (23.4)
3(0.8)
5(1.4)

1(0.3)
1(0.3)

80 (21.8)
115 (31.3)
46 (12.5)

135 (36.8)
19 (5.2)
19 (5.2)
2(0.5)

28 (7.6)
22 (6.0)
18 (4.9)

55 (15.0)
61 (16.6)
88 (24.0)
33 (9.0)
5(1.4)
1(0.3)

Females
45 (12.3)
27 (7.4)
42 (11.4)
9(2.5)
1(0.3)

1(0.3)
1(0.3)
43 (11.7)
54 (14.7)
25 (6.8)

56 (15.3)
29 (7.9)
9(2.5)
4(1.1)
11 (3.0)
11 (3.0)
4(1.1)

22 (6.0)
38 (10.4)
42 (11.4)
17 (4.6)
4(1.1)
1(0.3)
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Figure 6.2 working/studying frequency
6.3.1 Household characteristics

Almost a quarter of the participants (24.3%) were of earning over £50.000. The lowest-earning
category (less than £10.000) accounted for 6.8% of the participants. The other earning
categories ranged between 14.4% and 17.2% of the participants. In addition, 6% of the
participants did not prefer to reveal their annual earnings. Regarding household members,
three-quarters of the participants (77.4%) had no children, and 14.4% had one child. More than
half of the participants (51.5%) lived with two adults, and about 23% lived alone (see Figure
6.3). 12.7% of the participants had one child at a secondary school, and 11% had one child at a
primary school. Households with children at the pre-school stage represent 5.7% of the
participants.
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Figure 6.3 Households' members

Concerning participants’ vehicles, more than 80% of participants (300 participants) indicated
having a car or van, of which 178 participants (48.5%) had one car or van, and 91 participants
(24.8%) had two cars/vans. The second-highest proportion of vehicles was bicycles, with 109
participants (29.7%) having one bicycle and 73 participants (19.9%) having two bicycles. Only

15 participants (4.1%) indicated having electric bicycles.

6.3.2 Travel behaviour

Respondents were asked how frequently they use a bicycle as a means of transport and how
frequently they ride a bicycle to work or education. The results indicated that 67% of the
participants do not cycle to work or education, and 16.3% cycle less often. In addition, about
4% of the participants cycle daily to work/ education and the same percentage of the
participants cycle thrice a week. In terms of cycling frequency, almost 20% of the participants
cycle at least once or twice a week, of which 4% cycle daily. However, more than 40% of the

participants indicated that they had been cycling for more than five years.

Furthermore, among the 306 participants who worked or studied, 29% lived between one and
three miles from their work or study location, 19.3% lived less than one mile, and 23.5% lived
more than ten miles. Regarding cycling pathways, 21% of the participants indicated cycling on
the road, followed by those cycling mainly on cycle paths or cycle lanes. A minority of the

respondents (5.7%) indicated cycling on footpaths.

6.4 Attitudes, beliefs, and travel behaviour

As in the "walking experiment,” the survey investigated respondents' attitudes on cycling

infrastructure, safety, environment, beliefs and travel behaviour.
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Regarding cycling infrastructure, more than seventy-five percent of the participants concurred
that enhancing cycle lanes should receive more funding. Furthermore, nearly 41% of the
participants indicated their willingness to drive less if there were more bicycle lanes. The same
proportion (41%) also agreed with the importance of shower presence at workplaces. In
addition, more than two-thirds of the participants (67.8%) indicated the priority of providing
improved access to new areas for development. Considering cycling safely, two-thirds of the
respondents (66.5% and 68.7%, respectively) agreed that traffic safety fears and adverse

weather conditions prevent them from cycling more often.

In terms of the environment, more than three-quarters of the participants (77.4%) agreed with
the high importance of protecting the environment. Further, more than half of the participants
(54.7%) indicated their willingness to cycle more frequently to reduce air pollution. However,

only 5.2% strongly agreed that they try to ride a bicycle whenever possible, and 10.7% agreed.

Finally, regarding beliefs and travel behaviour, two-thirds of the participants (67%) agreed that
a car is an easily accessible mode of transport. In contrast, 43.1% disagreed that other modes
of transport cannot replace their car. However, 53.7% of the respondents agreed with the
importance of privacy when travelling. Almost half of the participants (48.2%) consider traffic
congestion to be a way of life they must learn to live with. Further, 43.8% agreed that traffic
congestion is not a significant problem for them; however, 34.1% disagreed. In addition, two-
thirds of the respondents (64.3%) agreed to tolerate delays as long as they were comfortable
travelling, and only 11.2% disagreed. Nonetheless, more than half of the participants (58.8%)

think that they are wasting time when they have to wait.

6.5 Aggregate analysis of BWS preferences: The counting approach

The BWS scores for cycling factors show that “Dedicated pathway” was chosen as the highest
priority 266 times and as the lowest priority 28 times; accordingly, its BWS score (238) was
the highest (see columns 3-5 in Table 6.8). The second highest priority was “Pathway width”,
followed by “Conflict with HGVs”, with BWS scores of 210 and 196, respectively. The factor
“Noise pollution” was chosen as the highest priority only four times and as the lowest priority
397 times; accordingly, its BWS score (-393) was the lowest. Further, “Delay at junctions” was
the second lowest priority (BWS score = -263). The BWS scores for the top ten cycling factors

were between 238 and 76.
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Table 6.8 BWS scores for cycling factors

Rank  Factor (factor number) H L H-L Sqrt LN. 1/L Relative
(H/L) sqrt importance
1 Dedicated pathway (6) 266 28 238 3.08 1.13  0.036 89
2 Pathway width (3) 229 19 210 3.47 1.24  0.053 100
3 Conflict with HGVs (12) 227 31 196 2.71 1.00  0.032 78
4 Conflict at junctions (7) 199 23 176 2.94 1.08  0.043 85
5 Surface quality (2) 206 32 174 2.54 093 0.031 73
6 Route provision for cyclists (20) 200 56 144 1.89 0.64 0.018 54
7 Ability to join/ leave route 148 18 130 2.87 1.05 0.056 83
safely (19)
8 Unnecessary hazards (14) 120 25 95 2.19 0.78 0.040 63
9 Surface material (1) 135 41 94 1.81 0.60 0.024 52
10 Traffic volume (11) 130 54 76 1.55 044  0.019 45
11 Conflict with kerbside activity 131 60 71 1.48 0.39 0.017 43
©)
12 Road markings and layout (8) 135 68 67 1.41 034  0.015 41
13 Traffic speed (10) 112 59 53 1.38 032 0.017 40
14 Lighting (13) 108 73 35 .22 020 0.014 35
15 Cyclist priority (16) 76 86 -10 094 -0.06 0.012 27
16 Ability to maintain own speed 66 137 -71 0.69 -0.37 0.007 20
on links (18)
17 Air quality (24) 43 152 -109 0.53 -0.63  0.007 15
18 Signing (21) 38 154  -116 0.50 -0.70 0.006 14
19 Secure cycle parking (23) 42 165 -123 0.50 -0.68 0.006 15
20 Isolation (22) 35 171  -136 0.45 -0.79  0.006 13
21 Fear of crime (5) 29 188  -159 039  -0.93 0.005 11
22 Gradient (4) 32 204 -172 040  -0.93 0.005 11
23 Deviation of route (15) 25 232 =207 0.33 -1.11  0.004 0.9
24 Delay at junctions (17) 12 275  -263 0.21 -1.57  0.004 0.6
25 Noise pollution (25) 4 397 -393 0.10 -2.30 0.003 0.3

To investigate whether the highest and lowest scores are inversely related, the square root of
the ratio of H/L scores was calculated from the BWS scores, as shown in Table 6.8 (columns 6-
8). By plotting the highest scores for each factor and the 1/lowest scores, Figure 6.4 confirms
that if a factor is chosen as the highest priority, it is less likely to be chosen as the lowest

priority.
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Figure 6.4 Highest priority (H) vs. 1/Lowest (1/L) for cycling factors

The BWS scores are also expected to be directly proportional to the natural logarithm of the
square root ratio. Figure 6.5 confirms the expected linear relationship between the BWS scores,

on the y-axis and the logarithm of the square root, on the x-axis.
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The relative importance of each factor compared to the others can be drawn from the square
root of the highest-to-lowest priority counts (Coltman et al. 2011). Table 6.8 (Column 9) shows
the relative importance of each factor compared to the highest priority factor "Pathway width"
(which is denoted as 100). The top nine factors were more than 52% as likely to be chosen as
the highest priority. The relative importance of "Conflict at junctions" is considered to be 85%,
"Traffic volume" is 45%, and "Deviation of route™ is only 0.9%. The probability of choosing
"Traffic volume™ is about 45% comparing to the probability of choosing "Pathway width™ as
priority (100%). The relative importance for "Air quality”, "Secure cycle parking", "Signing",
and "lsolation™ is almost the same far away from "Pathway width". The probabilities for

choosing these factors as important were about 15%.

The relative importance of the factors can be presented on a figure by plotting the square root
of the highest-to-lowest priority counts on the y-axis, and the cycling factors on the x-axis.
Figure 6.6 shows that ‘Pathway width’ (Sqrt(H/L) = 3.47) is more than twice as important as
‘Traffic speed’ (1.38) and almost nine times more important than ‘Feel of safety’ (0.39).
Similarly, ‘Traffic volume’ (1.55) is seven times more important than ‘Waiting time at

junctions’ and nearly four times that of ‘Gradients’.
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Figure 6.6 The relative importance of the factors

The top 15 factors account for more than 88% of the variation, whereas the remaining ten
account for only 11%. Further, the scores range among the last ten factors differs by only 0.59,
implying that respondents were unconcerned about these factors.
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6.6 Disaggregate analysis of BWS preferences

The mean of the individual BWS scores was computed to measure the relative importance of

the factors at the individual level (see Table 6.9). In the cycling experiment (BIBD) design,

factors were set up to appear six times; consequently, the maximum factor could be chosen as

the highest priority is 6; similarly, the maximum could be chosen as the lowest priority is -6.

Thus, the BWS scores for each factor and individual can range from +6 to -6.

Table 6.9 Mean and standard deviation of the individual BWS scores for cycling factors

Ranking Factors (Factors Number)

Mean of individual

Stdev. of individual

H-L H-L
1 Dedicated pathway (6) 0.65 0.11
2 Pathway width (3) 0.57 0.10
3 Conflict with HGVs (12) 0.53 0.09
4 Conflict at junctions (7) 0.48 0.08
5 Surface quality (2) 0.47 0.08
6 Route provision for cyclists (20) 0.39 0.07
7 Ability to join/ leave route safely (19) 0.35 0.06
8 Unnecessary hazards (14) 0.26 0.04
9 Surface material (1) 0.26 0.04
10 Traffic volume (11) 0.21 0.03
11 Conflict with kerbside activity (9) 0.19 0.03
12 Road markings and layout (8) 0.18 0.03
13 Traffic speed (10) 0.14 0.02
14 Lighting (13) 0.10 0.02
15 Cyclist priority (16) -0.03 0.00
16 Ability to maintain own speed on links (18)  -0.19 -0.03
17 Air quality (24) -0.30 -0.05
18 Signing (21) -0.32 -0.05
19 Secure cycle parking (23) -0.34 -0.06
20 Isolation (22) -0.37 -0.06
21 Fear of crime (5) -0.43 -0.07
22 Gradient (4) -0.47 -0.08
23 Deviation of route (15) -0.56 -0.09
24 Delay at junctions (17) -0.72 -0.12
25 Noise pollution (25) -1.07 -0.18

A graphical representation (see Figure 6.7) of the mean of the individual BWS scores shows

that the highest priority factor was “Dedicated pathway”, with an average of 0.65 out of 6

appearances chosen as the highest priority. This was followed by “Pathway width” and
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“Conflict with HGVs”, with an average highest priority of 0.57 and 0.53, respectively. On the
other hand, “Noise pollution” and “Delay at junctions” were the lowest priority factors, with

mean BWS scores of -1.07 and -0.72, respectively.

The mean of the individual BWS scores shows that the two highest priority factors, “Dedicated
pathways” (0.65) and “Pathway width” (0.57), were three and two times, respectively, as
important as the tenth-ranked factor “Traffic Volume” (0.21). Both factors were also six and
five times as important as the fourteenth-ranked factor, “Lighting” (0.10). Most of the mean of
the BWS scores for the “Dedicated pathways” and “Pathway width” factors lie on the right side
of the vertical axis (positive side). This means most participants consistently ranked these two
factors as the highest priority whenever they appeared in a choice task. However, the tenth-
ranked factor, “Traffic volume”, was six times more important than the 21st Ranked factor,
“Fear of crime”. The lighting factor (14th-ranked) was also five times more important than the

“Fear of crime” factor.

On the other hand, the mean of the BWS scores for the lowest priority factor, “Noise pollution”,
and most of the mean for the second lowest priority factor, “Delay at junctions”, lie on the left
side of the vertical axis (negative side). The position of the two lowest factors indicates that
most participants consistently ranked these two factors as the lowest priority whenever they

appeared in a choice task.
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Figure 6.7 Mean and standard deviation of the individual BWS scores for each factor
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Further, factors with a mean BWS score around zero, such as “Cyclist priority” (-0.03), were
almost neither chosen as the highest nor the lowest priority. In comparison, the heterogeneity
in choices of highest and lowest priority for the factor “Lighting” (mean = 0.10) cancelled each
other out. Ranking of the factors based on the mean of the individual BWS scores agrees with

that of the aggregated ranking.

The standard deviation was computed to explore the heterogeneity in respondents’ preferences
regarding the importance of the factors. As shown in Figure 6.7, each factor is represented by a
line with two points on each end indicating one standard deviation around the mean from both
sides. The line length represents the proportion of participants with lower or higher individual
BWS scores for this factor relative to the mean of the BWS scores. Factors with a greater
standard deviation have longer lines, indicating potential heterogeneity among participants.
The larger the standard deviation, the more variation among the responses. Factors such as
noise pollution and delay at junctions show a disagreement between the respondents and
potential heterogeneity on the relative importance of these factors.

In contrast, a smaller standard deviation indicates greater consensus among respondents. For
example, cyclist priority, lighting, traffic speed, road markings and layout, conflict with
kerbside activity and traffic volume were all almost in the middle with small standard deviation.
In such case, respondents agree to a large extent in the relative importance of these factors
among others. At the limit, a standard deviation of zero indicates that all respondents concurred
on the significance and that there was total agreement.
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Chapter 7: Advanced Analysis

7.1 Introduction

This chapter presents the modelling analysis for both walking and cycling BWS experiments.
The chapter comprises a Conditional logit model (CLM) and clustering analysis. In CLM, the
factor’s coefficient represents the relative importance (preference) for that factor compared to
a reference factor (Cheung et al. 2019). Clustering analysis is grouping data points according
to the similarities between them.

7.2 Conditional logit model estimates

7.2.1 Walking Experiment

The participants’ preferences for the walking factors were estimated using a conditional logit
model, as discussed in Chapter 3. The factor “Gaps in traffic” was normalised to zero (set as a
reference factor) as it was the least preferred factor based on the counting analysis (see Chapter
5, section 5.5) and therefore, we would expect all the other factors to have a positive coefficient.

As shown in Table 7.1, all factors have statistically significant and positive coefficients.

Table 7.1 Conditional logit model result for walking factors

Rank Factor Coef. Exp(coef.) p
21 Gaps in Traffic 0.00 Reference

1 Footpath provision 2.17 8.76 ok
2 Footpath condition 2.15 8.62 ok
3 Lighting 1.97 7.20 *x
4 Footpath width 1.83 6.25 **
5 Buffer zone 1.82 6.19 woH
6 Traffic control devices 1.41 4.09 woH
7 Traffic volume 1.39 4.02 woH
8 Feel of safety 1.25 3.48 ok
9 Traffic speed 1.20 3.33 ok
10 Air quality 1.14 3.13 ok
11 Location of crossings 1.04 2.84 ok
12 Green man time 1.03 2.81 ok
13 Dropped kerbs and tactile paving 0.82 2.28 woH
14 Visibility 0.81 2.25 *x
15 Gradient 0.60 1.82 ok
16 Street furniture and amenities 0.58 1.79 ok
17 Walking barriers 0.51 1.66 woH
18 Footpath materials 0.40 1.50 woH
19 Crossings waiting times 0.22 1.25 *
20 Traffic noise 0.08 1.09 0.380

Likelihood ratio test (df = 20) = 1733 on 20, * P<0.05 ** P<0.001
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This means that the twenty factors in the walking experiment (i.e., from footpath provision to
traffic noise) are significantly more important than the ‘gaps in traffic’, which is the base factor
with a zero coefficient. Figure 7.1 shows a high correlation between the mean of the individual
BWS score and the CLM coefficient for each factor (the red dot refers to the reference factor).
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Figure 7.1 CLM coefficient for walking factors vs. BWS scores

The two top highest priority factors, “Footpath provision” (2.17) and “Footpath condition”
(2.15), are approximately 27 times more important than the lowest priority, “Traffic noise”
(0.08). Furthermore, they are about twice as important as the tenth-ranked factor, “Air quality”
(1.14). Preferences for “Crossings waiting times” and “Traffic noise” are similar to the
reference factor because their coefficients do not differ significantly from zero. The CLM

confirms the ranking order of the factors obtained by the counting analysis.

7.2.2 Cycling Experiment

The CLM was fit to the BWS scores to identify the relative preferences of each factor (see
Table 7.2). Each factor is represented by a coefficient indicating the relative importance of the
factor compared to a reference factor (noise pollution). Rankings showed a similar result to the

count analysis. Only four factors, no. 6, 8, 10, and 17, moved a step forward compared to their
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positions in the count analysis. However, the coefficient differences between these factors and

those in the previous positions were negligible.

Table 7.2 Conditional logit model result for cycling factors

Rank Factor Coef. Exp(coef.) D
25 Noise pollution 0.00 Reference

1 Dedicated pathways 3.79 44.2 *x
2 Pathway width 3.63 37.6 ok
3 Conflict with HGVs 3.53 34.2 *x
4 Conflict at junctions 3.44 31.2 *x
5 Surface quality 3.43 30.9 *x
6 Ability to join/ leave route safely 3.18 24.1 *x
7 Route provision for cyclists 3.18 24.0 *x
8 Surface material 2.99 20.0 *oE
9 Unnecessary hazards 2.98 19.6 *x
10 Conflict with kerbside activity 2.90 18.3 Hox
11 Traffic volume 2.87 17.6 rox
12 Road markings and layout 2.85 17.2 *x
13 Traffic speed 2.82 16.8 HoE
14 Lighting 2.67 14.4 Hox
15 Cyclist priority 2.41 11.2 Hox
16 Ability to maintain own speed on links 2.04 7.67 Hox
17 Signing 1.85 6.34 *E
18 Air quality 1.80 6.05 *E
19 Secure cycle parking 1.74 5.67 Hox
20 Isolation 1.62 5.06 Hox
21 Fear of crime 1.49 4.42 *ox
22 Gradient 1.40 4.06 Hox
23 Deviation of route 1.17 3.21 *ox
24 Delay at junctions 0.85 2.33 oK
Likelihood ratio test (df = 24) =3329 on 24, * P<0.05 ** P<0.001
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Figure 7.2 CLM coefficient for cycling factors vs. BWS scores

All factors have significant and positive coefficients indicating that all the factors are more
important than noise pollution, which is the base factor with a zero coefficient. Figure 7.2
shows a high correlation between the mean of the individual BWS scores and the CLM

coefficient for each factor (the red dot refers to the reference factor).

Table 7.2 shows that the three highest priority factors, “Dedicated pathways”, “Pathway
width”, and “Conflict with HGVs”, are more than four times more important than the lowest,
“Delay at junction” (0.85). Further, the fifteenth ranked factor, “Cyclist priority”, reported
almost two-thirds coefficient (2.41) of the highest priority factor (3.79) and three times as
important as the lowest factor (0.85). However, the last two factors, “Deviation of route” and

“Delay at junction”, are at least one more important than the reference factor “Noise pollution”.
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7.3 Exploring Heterogeneity: Clustering Analysis

7.3.1 Walking Experiment

As discussed in Chapter 3, the relationship between the factors' mean and the standard deviation
can be plotted in a graphical representation (see Figure 7.3). Factors such as "Footpath
provision", "Footpath condition™, "Lighting", and "Footpath width" were of high importance
and had low levels of heterogeneity — i.e., higher level agreement across the sample of
respondents. Further, factors that exhibited a high degree of heterogeneity and a reasonable
level of importance indicated that they were essential to a subset of respondents. For example,
factors such as "Feel of safety” could be important for vulnerable and older people. In addition,
"Air quality” might be necessary for people with breathing problems and underlying health
issues. Factors with low mean BWS scores but with high heterogeneity (standard deviation),

such as "Street furniture and amenities” and "Visibility", could be significant in certain places.
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Figure 7.3 Importance and heterogeneity of the walking factor

Furthermore, the distributions of some factors were significantly skewed and kurtosis (see
Figure 7.4). For example, the BWS scores for the “Traffic noise”, “Crossings waiting times”,

“Walking barriers” and “Footpath materials” factors showed negative skewness.
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Whereas the BWS scores for the “Footpath provision”, “Footpath condition”, “Lighting”,
“Footpath width”, and “Buffer zone” showed positive skewness. However, the remaining
distributions are somewhat lumpy, indicating non-normality and the need for segmentation of

individuals.

The Elbow method helped determine the optimal number of clusters (Bholowalia and Kumar
2014). As shown in Figure 7.5, the first three clusters add most of the information and variance
to the graph, but then the marginal gain drops into an angular structure and flattens out. The
distortion rate decreases rapidly until the bend forms an elbow (k = 3), then decreases slowly.
Therefore, as discussed in Chapter 3, three is the optimal number of clusters in the walking

experiment.
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Figure 7.5 Elbow method for walking factors clustering

The BW scores of the walking factors within each cluster are summarised in Table 7.3. These

were derived using the K-means clustering algorithm. Cluster 1 more priority to lighting ‘the
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availability of lighting along the footpath’, footpath provision ‘provision of continuous

footpaths’, footpath width ‘adequate footpath width to accommodate both walking directions’,

and footpath condition ‘well-maintained and level footpaths for walking and pushchairs.” Less

priority to gaps in traffic ‘only possible to cross the road from controlled crossings’, footpath

materials ‘footpaths constructed with top-quality materials’, and walking barriers ‘footpaths

free of obstructions such as poles and signs.’

Table 7.3 The mean of the BW scores per walking factor in each cluster

No. Factor Cluster 1 Cluster 2 Cluster 3
1 Footpath provision 0.69 0.59 0.63
2 Footpath condition 0.57 0.46 0.94
3 Lighting 0.79 0.17 0.43
4 Footpath width 0.58 0.27 0.46
5 Buffer zone 0.21 0.87 0.40
6 Traffic control devices 0.21 0.19 0.24
7 Traffic volume -0.13 1.12 -0.15
8 Feel of safety 0.11 0.16 0.01
9 Traffic speed -0.11 0.43 0.03
10  Air quality 0.11 0.44 -0.43
11 Location of crossings -0.01 -0.23 0.13
12 Green man time -0.20 0.09 0.20
13 Dropped kerbs and tactile paving -0.35 -0.41 -0.08
14 Visibility -0.31 -0.34 0.25
15  Gradient 0.27 -1.38 0.16
16  Street furniture and amenities -0.28 -0.21 0.15
17 Walking barriers -0.44 -0.19 -0.26
18  Footpath materials -0.69 -0.27 -0.01
19  Crossings waiting times -0.15 -0.95 -0.67
20  Traffic noise 0.04 -0.07 -2.11
21  Gaps in Traffic -0.93 -0.75 0.00

Respondents in Cluster 2 placed priority in traffic volume ‘low traffic or you can avoid walking

near high traffic’, buffer zone ‘adequate separation between the road and footpaths’, footpath

provision, and footpath condition. Less priority to gradient ‘flat footpaths with no steep

gradients throughout’, crossings waiting times ‘short waiting times at controlled crossings’,

and gaps in traffic. Participants in Cluster 3 gave priority to footpath condition, footpath
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provision, footpath width, and lighting. Less priority to traffic noise ‘low levels of noise along
the footpaths’, crossings waiting times, and air quality ‘low levels of air pollution along the
footpaths.’

Participants in Clusters 1 and 3 agree on the importance of the first four factors, with varying
order, while those in Cluster 2 also agree on the top two factors. On the other hand, participants
in Clusters 1 and 2 agree that the 'gaps in traffic' factor should be given less priority (see Figure
7.6).
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Figure 7.6 Mean HL scores per walking factor in each cluster
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7.3.2 Cycling experiment

The relationship between the factors' mean and the standard deviation was plotted in a graphical
representation (see Figure 7.7). Pathway width factor was the second top important factor with
low heterogeneity. Factors such as pathway width, conflict with HGVs and surface quality
were of high importance and had low levels of heterogeneity — i.e., higher level agreement
across the sample of respondents. Factors with low mean BWS scores but with high
heterogeneity (standard deviation), such as "Noise pollution”, "Deviation of route™, and "Delay

at junction™ could be significant in certain places.
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Figure 7.7 Importance and heterogeneity of the cycling factor

Further, the distributions of the top highest priority factors showed a positive skewness. As
shown in Figure 7.8, positive skewness for the factors ‘Dedicated pathway’, ‘Pathway width’,
‘Conflict at junctions’, ‘Surface quality’, and ‘Route provision for cyclists.” On the other hand,
some factors showed a negative skewness such as, ‘Delay at junctions’, ‘Deviation of route’,
‘Gradient’, and ‘Isolation.” The remaining distributions were largely lumpy, suggesting non-

normality and the need to cluster the individual into segments.
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Using the elbow method, Figure 7.9 demonstrates that the first three clusters provide the
majority of the graph's information and variance, but the marginal gain eventually flattens out.
Consequently, three clusters were identified as the optimum number to uncover homogeneity

among the participants in the cycling experiment.
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Figure 7.9 Elbow method for cycling factors clustering

Using the K-means clustering algorithm, Table 7.4 shows the BW scores of cycling factors
within each cluster. Respondents in Cluster 1 placed more priority to dedicated pathways
‘adequate separation between the road and pathways’, pathway width ‘adequate path width to
prevent conflict with other users’, surface quality ‘pathways free of defects such as gullies and
potholes’, and surface material ‘pathways are smooth and with level surface.” Less priority to
noise pollution ‘low levels of noise along the pathways’, deviation of route ‘pathways follow
the shortest option available’, and delay at junctions ‘short waiting times at junctions along the

route.’
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Table 7.4 The mean of the BW scores per cycling factor in each cluster

No. Factor Cluster 1 Cluster 2 Cluster 3
1 Dedicated pathways 1.03 0.66 0.25
2 Pathway width 0.77 0.41 0.61
3 Conflict with HGVs 0.38 0.61 0.58
4 Conflict at junctions 0.20 1.03 -0.05
5 Surface quality 0.64 0.19 0.71
6 Ability to join/ leave route safely 0.32 0.35 0.39
7 Route provision for cyclists 0.17 0.80 0.02
8 Surface material 0.57 0.14 0.10
9 Unnecessary hazards 0.23 0.10 0.51
10 Conflict with kerbside activity 0.24 -0.03 0.47
Il Traffic volume -0.07 0.18 0.53
12 Road markings and layout 0.36 0.18 0.00
13 Traffic speed 0.18 0.26 -0.07
14 Lighting 0.49 -0.05 -0.09
15 Cyclist priority -0.14 -0.03 0.10
16  Ability to maintain own speed on links -0.07 0.05 -0.68
17 signage 0.09 -0.21 -0.89
18 Air quality -0.21 -0.58 0.03
19 Secure cycle parking -0.36 -0.48 -0.10
20 Tsolation -0.22 -0.32 -0.59
21 Fear of crime -0.64 -0.34 -0.35
22 QGradient -0.52 -0.75 0.00
23 Deviation of route -1.07 -0.61 0.02
24 Delay at junctions -0.67 -1.19 -0.06
25 Noise pollution -1.70 -0.37 -1.46

While those in Cluster 2 gave priority to conflict at junctions ‘measures to reduce risk of
collision at junctions’, route provision for cyclists ‘provision of continuous pathways for
cycling’, dedicated pathways, and conflict with HGVs ‘measures to avoid conflict with Heavy
Goods Vehicles’. Less priorities to delay at junctions, gradient ‘flat pathways, with no steep

gradients throughout’, and deviation of route.

Participants in Cluster 3 emphasised surface quality, pathway width, conflict with HGVs, and
traffic volume ‘low traffic volumes to reduce risk of collision’. Less priority to noise pollution,
signage ‘clear and direct signs towards all destinations’, ability to maintain own speed on links
‘being able to bypass slow moving traffic to reduce delay’. The cycling experiment showed
less agreement among the different clusters regarding the highest and lowest priority of various

factors compared to the clusters in the walking experiment (see Figure 7.10).
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Chapter 8: Discussion and Conclusions

8.1 Introduction

This thesis was aimed at introducing a preference-based elicitation approach to understand
preferences (priorities) for pedestrian and cycling infrastructure investments. This primary aim

was then associated with the following objectives:

e Critically review and evaluate challenges facing non-motorised travel,

¢ |dentify relevant qualitative attributes related to walking and cycling infrastructure,

e Develop and validate an advanced survey-based preference elicitation instrument using a
novel method called Best-Worst Scaling (BWS) (Louviere et al. 2015), and

e Using that survey instrument, elicit individual preferences regarding the importance priority
of different aspects of walking and cycling infrastructure.

These objectives have been achieved through the research design, which is comprised of four
main steps as discussed in Chapter Three (see Section 3.2). The first step was to identify
relevant walking and cycling factors using as a departure point a variety of infrastructure-
related auditing tools. Then, this thesis separately created initial BWS experimental designs for
walking and cycling and, subsequently, conducted a series of cognitive interviews to evaluate
and enhance the internal validity of the BWS experiment. Finally, using updated versions of
the BWS experiments and following the implementation of the main survey data collection,
quantitative analyses of the BWS data were conducted to identify pedestrian and cyclist
preferences regarding the importance of different walking and cycling infrastructure-related
factors. Discussion of the qualitative analysis for the cognitive interviews and the quantitative

analysis of the BWS data are presented in the following sections of this Chapter.

8.2 Discussion on Quialitative Testing of the BWS instrument

The qualitative part of this thesis involved cognitive interviews to ensure the internal validity
of the BWS experiments within the overall survey instrument. Completing the BWS
experiments task required an understanding of walking and cycling factors. The cognitive
interviews revealed several issues related to clarifying the individual factors and how
individuals approached the BWS task. Accordingly, ten themes emerged in both experiments,
with four regarding how the participants completed the BWS task and six related to

understanding the factors. Some issues were common for both experiments; thus, they will be
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addressed first, followed by the discussion of each experiment. The initial and amended

wording of walking and cycling factors are shown in Table 8.3 and Table 8.4, respectively.

8.2.1 How the participants approached the BWS task

Theme 1, 'missing frame of reference,’ found in the main question in each choice card, was
rephrased into, “Which of the following areas should be the highest priority, and which of the
areas should be of the lowest priority for your local council to pursue to encourage
walking/cycling?” This wording clearly establishes the context of local council action. The
rephrasing of Theme 1 also addresses the Theme 2 issue of ‘travel context' by emphasising a

specific travel context, the local area, within a hypothetical scenario involving future council
policy.

Theme 3, 'decision-making strategy," showed some challenges but also provided valuable
insights into the approach taken to complete the BWS task. Individuals follow several
approaches to deciding between options involving multiple items (Gunten and Scherer 2019).
Perceiving one option as exceptional renders the others insignificant. Still, decision-making
can become highly complicated if two or more options share the importance (Einhor and
Hogarth 1981; Payne 1982). When there is no dominant option, an individual must relinquish
certain options in favor of others (Gunten and Scherer 2019). The decision-making process of
individuals, whether they employ a compensatory or non-compensatory strategy, is primarily
influenced by their individual personalities. However, participants who followed the heuristic
decision-making were bothered by the long sentences and tended to ignore them. Therefore,
factors with long sentences were shortened without compromising their meaning, presenting
each factor in a concise line. For example, factor such as ‘The overall condition of the footway,
viability of footway for walking and pushing a pushchair’ was changed to ‘Well-maintained
and level footpaths for walking and pushchairs’, and ‘Cycling comfortably without risk of
conflict with other users (effective path width)’ was replaced by ‘Adequate path width to

prevent conflict with other users.’

Theme 4, 'concrete thinking,' revealed that many participants struggle to understand and
process abstract concepts, leading to a lack of appreciation for a factor's broader implications
(Gustafson and Waehler 1992). Retrieving exemplars of items can enhance concrete thinking
(Tsai and Thomas 2011). Therefore, walking factors were enhanced with highly specific words,
such as ‘Footpaths clear of any signs of crime or vandalism’, ‘Short waiting times’ and

‘Adequate footpath width to accommodate both walking directions.” Likewise, specific words
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were introduced to the cycling factors such as, ‘Flat pathways, with no steep gradients
throughout’, ‘Clear, understandable pathway markings and layout’ and ‘Low levels of air
pollution’. Furthermore, a hover-over text was added to further explain some of the walking
and cycling factors.

8.2.2 Understanding of the factors

The psychology of survey responses (Tourangeau et al. 2000) emphasises the importance of precise
wording. The complexity of the question often stems from its vagueness and complicated semantic and
grammatical structure (Menold 2020), such as the use of ambiguous and inaccurate words and phrases
(Lenzner et al. 2010), as well as the length of the sentence and the memory capacity of the individual
trying to understand it (Yan and Tourangeau 2008). The ambiguity about the range and order of the
choice of answers to Q3 in walking (Q2 in cycling) was addressed by adapting the answer options from
the Transport Survey 2018 (Cornick et al. 2019). The title of the instructions for the choice cards task
in both walking and cycling experiments (Q4) was deleted to avoid disrupting the participants and
causing them to make different assumptions. The four bullet points were rewritten into more precise
sentences, as illustrated in

Figure 8.1, and an example of a choice card was added to the first bullet point.

S School of Geography and Planning
#8 Ysgol Daearyddiaeth a Chynllunio

* Now, you will be shown seven choice cards, separately (see the example below)

* Each card will include five different factors related to walking

* |n each card, you are asked to choose the most and the least important factors that would encourage you
to walk more

* Factors underlined with dots have further description once you hover the mouse over them

In this card, out of the five factors below, which is The Most and The Least Important factors that
would encourage you to walk more
Most Important Factors Least Important
O Clear lines of sight to all footpath users from all directions O
O Low traffic speeds or you can walk away from high-speed areas O
O Provision of continuous footpaths for walking O
O Low traffic or you can avoid walking near high traffic O
O Measures to stop traffic and give priority for pedestrians O

Figure 8.1 Instructions for BWS choice cards
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Table 8.1 Summary of the themes from the walking experiment

Theme

Key observations

Factors (F) with
ambiguous words or

phrases

F1: Feeling safe while walking along the footways (feeling safe - general phrase)

Overlapping of two or

more factors

F1: Feeling safe while walking along the footways <> F4: Adequate separation
between traffic and the footway <> F14: The width of the footway and the
ability for pedestrians to maintain a distance from traffic

F4: Adequate separation between traffic and the footway <> F6: Traffic speeds
low, or you can keep distance from moderate traffic speeds

F7: Provision of continuous footways for walking journeys <> F8: Presence of
footways from the origin point to destination with limited/minimal number of
crossing points

F10: Possibility of crossing a route where no controlled crossings present <>
F18: Availability of measures to slow down traffic and give priority for

pedestrians

Factors phrased

negatively

F10: Possibility of crossing a route where no controlled crossings present (the
same word different meanings in the same sentence)

F17: Having no obstructions that restrict clearance width of the footway (double
negation)

F20: Street furniture and amenities (e.g. Benches and/or ledges for sitting.
Rubbish bins. Drinking fountains. Heat lamps. Public restrooms) (rubbish bins —

negative item)

Factors containing

technical terms

F9: Crossing points follow desire lines (desire lines —unfamiliar phrase)

General wording issues

The word 'footway' (unfamiliar word)

F5: Traffic volume low, or you can keep distance from moderate traffic volumes
(inconsistent with other factors wording, introducing ‘you’)

F6: Traffic speeds low, or you can keep distance from moderate traffic speeds
(inconsistent with other factors wording, introducing ‘you’)

F15: How steep or hilly is the pathway? (worded as a question, does not indicate

whether people choose it because they like it or not)
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Table 8.2 Summary of themes from the cycling experiment

Theme Key observations

Factors (F) with F5: Feeling safe while riding a bicycle along the pathway (feeling safe - general
ambiguous words or phrase)

phrases F7: Availability of measures to reduce the risk of collisions at junctions (what is

classified as measures?)

F8: Non-complex and self-explanatory cycling network design (complicated
wording)

F9: Risk of collision resulted from conflict with kerbside activity (kerbside
activity - unfamiliar phrase)

F14: Cycling pathway clear of physical hazards such as evasion room, guardrail
(evasion room presented as a physical hazard)

F18: The length of delay caused by not being able to bypass slow moving traffic
(can be interpreted in two ways, whether on a bike or would encourage a person
to be on a bike)

F19: The ability for easily and safely join and navigate along the pathway and

between different routes (hard to read)

Overlapping of two or F1: Pathway construction providing smooth and level surface <> F2: Density of
more factors defects including raised/sunken covers, gullies, potholes
F2: Density of defects including raised/sunken covers, gullies, potholes <> F5:
Feeling safe while riding a bicycle along the pathway <> F12: Risk of collisions
due to conflict with Heavy Good Vehicles (HGVs)
F5: Feeling safe while riding a bicycle along the pathway <> F10: Reducing the
speeds of motor vehicles on the shared route <> F19: The ability for easily and
safely join and navigate along the pathway and between different routes in the
network
F17: The length of delay caused by junctions <> F18: The length of delay caused

by not being able to bypass slow moving traffic

Factors phrased F9: Risk of collision resulted from conflict with kerbside activity
negatively F11: Risk of collision because of increasing traffic volume

F12: Risk of collisions due to conflict with Heavy Good Vehicles (HGVs)

Factors containing F22: Availability of overlooked routes throughout its length (overlooked routes -
technical terms unfamiliar phrase)
General wording issues F4: How steep or hilly is the pathway? (worded as a question, does not indicate

whether people choose it because they like it or not)
F3: Cycling comfortably without risk of conflict with other users (effective path

width) (long sentence)
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Participants in the walking and cycling experiments interpreted the phrase ‘feeling safe'
differently from each other within each task, as it was ambiguous and encompassed other safety
factors. So, based on how the participants interpret, data for this factor can take three ways. It
is either a finding of a) safety from other people; b) safety from vehicles or; c) safety from both
people and vehicles. As a result, the data from F1 (walking experiment) and F5 (cycling
experiment) will not reveal which of the three ways did people chose ‘feeling safe'. Foster et al
(2014) found that a reduction in recreational and transport walks within local neighborhoods
was associated with increased fear of crime. In neighbourhoods without violence, females and
the elderly were significantly more afraid and avoided walking outdoors; however, the
difference between males and females narrows as neighbourhoods' violence rises (Roman and
Chalfin 2008). People tend to cycle less when the risk of accidents increases (Rietveld and
Daniel 2004; Southworth 2005). Mosquera et al. (2012) found that women are more vulnerable
to personal assault, mugging, and injuries while cycling than men. Therefore, F1 (in the
walking experiment) and F5 (in the cycling experiment) were rephrased to focus on the safety
of crime or vandalism, since other factors address traffic safety from different aspects, and this

wording would also remove the overlap with the other factors.

Similarly, participants in both experiments were confused about the gradient factor 'How steep
or hilly is the pathway?' worded as a question, not a statement. The question was a double-
barreled question, presenting multiple aspects in a single question (Bradburn et al. 2004),
potentially increasing cognitive burden (Menold 2020). This made it unclear whether the
participants chose the factor as the highest priority because they liked it or not and was evident
in both experiments. For example, in the walking experiment, the participant chose it because
they believe hilly routes are beneficial, whereas, in the cycling experiment, it was chosen
because the participants do not like the pathway to be too steep or hilly. Therefore, rewording
the factor into 'Flat (footpaths/pathways) with no steep gradients throughout' would make it

read as a definitive statement and make it clear that people prefer flat footpaths/pathways.

A question can express a limited set of options, each of which has no known location as the
correct answer and thus pushes the respondents to faulty presuppositions (Tourangeau et al.
2000). Participants' presuppositions about some factors were addressed by rewording them into
positive and encouraging statements. For example, “the level of noise and air pollution that
pedestrians might be exposed to” was divided into two factors: “low levels of noise along the
footpaths” and “low levels of air pollution along the footpaths.” Similarly, in the cycling

experiment, “the level of air pollution that cyclists might be exposed to on the pathway” and
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“the level of noise that cyclists might be exposed to on the pathway”” were changed into “low
levels of air pollution along the pathways” and “low levels of noise along the pathways.”
Furthermore, “the continuity of cycling pathway” was replaced by “provision of continuous
pathways for cycling”, and “how steep or hilly is the pathway?” was changed to “flat

(footpaths/pathways) with no steep gradients throughout™ in both experiments.

One participant pointed out having a sort of an urban bias, with factors often focusing on urban
environments with complex road structures and cycle paths, while countryside environments
are more basic. However, the transport categorisation schemes on which this study is based are
often used to evaluate urban environments rather than rural ones. Further, one of the
demographic questions is about the living area type: ‘Which phrase best describes the area
where you live?” with options including ‘a big city, suburban, town or small city, country

village, farm or home in the countryside, or not knowing.’

8.2.3 Themes related to the Walking experiment

The phrase ‘go for a walk’ in Q2 and Q3, in the background questions, was added to clarify
confusion among participants by the word ‘walk” alone. The Q2 answer choices were reworded
to allow multiple options and specify assistance needed if not listed. The overlap between some

of the factors was addressed as follows.

The overlap between some of the safety factors was addressed by making each one refer
explicitly to a specific issue. F1 was rephrased to refer to the footpath's safety from crime or
vandalism: “footpaths are clear of any signs of crime or vandalism.” F4 rephrased into
“adequate separation between the road and footpaths” to indicate the importance of providing
a buffer zone for walking. F14 was specified to the issue of footpath width: “adequate footpath
width to accommodate both walking directions” with hover-over text: “for example, you do
not need to ‘give and take’ with other walkers or walk on roads.” The phrase “or you can keep
distance from moderate traffic speeds” in F6 caused an overlap with the buffer zone factor (F4).
Therefore, F6 was reworded into “low traffic speeds or you can walk away from high-speed

areas” to only address the issue of traffic speed.

The overlap between “gaps in traffic” (F10) and “traffic control devices” (F18) was cleared by
adding examples of the stop traffic measures as hover-over text to F18: “measures to stop traffic
such as zebra crossing, pedestrian signals with pushbuttons, school crossing.” Furthermore,
F10 was also reported as a negative statement; thus, it was rephrased as “only possible to cross
the road from controlled crossings.” In addition, the overlap issue between F7 and F8 was
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addressed by replacing F8 with the second part of F19, “low levels of noise along the
footpaths,” and maintaining F19 for only air quality, “low levels of air pollution along the
footpaths.” This is consistent with the Walking Route Audit Tool (WRAT) published by the
Welsh Government (Beynon et al. 2014) and with the cycling experiment, as each one of the
noise pollution and air pollution stand alone as independent factors. The two factors were
joined previously to keep the number of walking factors at 21 because generating BIBD is

limited to specific numbers of factors discussed in Chapter 3 (White 2021).

Schriesheim and Eisenbach (1995) found that positive wording accounts for more trait variance
than negative wording, suggesting positive phrasing is more reliable for true attitude. The
negativity phrasing in the “walking barriers” factor (F17) and “street furniture and amenities”
factor (F20) contradicts the meaning of factors encouraging walking. Therefore, the double
negation in F17 was changed into “footpaths free of obstructions such as poles and signs,” and

the phrase “litter bins” replaced “rubbish bins” in F20.

The technical language used in the “location of crossings” factor (F9) was simplified into
“Crossing points are along the footpath of destination,” with hover-over text “Crossings do not
divert you away from your destination.” Finally, the word “footpaths” replaced ““footways”

whenever it appeared in the factors.
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Table 8.3 Initial and amended wording of walking factors

No. Factor Initial wording Amended wording
Description Description Hover-over text
1 Feel of safety Feeling safe while walking along the footways Footpaths are clear of any signs of crime or
vandalism
2 Lighting Availability of lighting along the footway Availability of lighting along the footpath
3 Visibility Clear lines of sight to all pathway users from all Clear lines of sight to all footpath users
directions from all directions
4 Buffer zone Adequate separation between traffic and the Adequate separation between the road and
footway footpaths
5 Traffic volume  Traffic volume low, or you can keep distance from Low traffic or you can avoid walking near
moderate traffic volumes high traffic
6 Traffic speed Traffic speeds low, or you can keep distance from  Low traffic speeds or you can walk away
moderate traffic speeds from high-speed areas
7 Footpath Provision of continuous footways for walking Provision of continuous footpaths for Walking not interrupted by road traffic
provision journeys walking
8 The Initial Presence of footways from the origin point to Low levels of noise along the footpaths
wording was destination with limited/minimal number of
Replaced by crossing points
Traffic noise
9 Location of Crossing points follow desire lines Crossing points are along the footpath of Crossings do not divert you away from your
crossings destination destination
10 Gaps in traffic Possibility of crossing a route where no controlled  Only possible to cross the road from

crossings present

controlled crossings
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No. Factor Initial wording Amended wording
Description Description Hover-over text
11 Crossings Total time spent on crossings and its effect on trip ~ Short waiting times at controlled crossings ~ Most crossings are single-phase pelican/
waiting times time puffin or zebra crossings
12 Green man time The total time given for pedestrians to cross Pedestrians have enough time to cross the
road
13 Footpath The overall condition of the footway, viability of Well-maintained and level footpaths for
condition footway for walking and pushing a pushchair walking and pushchairs
14  Footpath width ~ The width of the footway and the ability for Adequate footpath width to accommodate For example, you do not need to ‘give and
pedestrians to maintain a distance from traffic both walking directions take” with other walkers or walk on roads
15  Gradient How steep or hilly is the pathway? Flat footpaths with no steep gradients
throughout
16  Footpath The materials used to create a pavement for Footpaths constructed with top-quality
materials pedestrians materials
17  Walking Having no obstructions that restrict clearance Footpaths free of obstructions such as
barriers width of the footway poles and signs
18  Traffic control Availability of measures to slow down traffic and =~ Measures to stop traffic and give priority Measures to stop traffic such as zebra
devices give priority for pedestrians for pedestrians crossing, pedestrian signals with
pushbuttons, school crossing
19  The Initial The level of noise and air pollution that Low levels of air pollution along the

wording was
replaced by Air
quality

pedestrians might be exposed to

footpaths
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Factor

Initial wording

Amended wording

Description

Description

Hover-over text

20

21

Street furniture

and amenities

Dropped kerbs
and tactile

paving

Street furniture and amenities (e.g. benches and/or
ledges for sitting, rubbish bins, drinking fountains,
heat lamps, public restrooms)

Availability of dropped kerbs and tactile paving on
the footway

Footpaths with street furniture and

amenities

Footpaths with dropped kerbs and tactile

paving

Street furniture and amenities including
sitting areas, drinking fountains, litter bins
and public toilets

Dropped kerbs are where the footpath gently
slopes to the same level as the road. Tactile
paving is a system of textured strips on

footpaths to assist visually impaired people
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8.2.4 Themes related to the Cycling experiment

The first two factors were rephrased to address the overlap between them, with F1 reworded
into “pathways are smooth and with level surface” with a hover-over text “machine laid a
smooth and non-slip surface,” thus referring to the pathway surface and how it was laid out. F2
was rephrased into “pathways free of defects such as gullies and potholes” to make it specific
to the pathway maintenance. The overlap between safety factors was addressed by rephrasing
F5 into “pathways free of any signs of crime or vandalism,” with a hover-over text “high-
quality street scenery and pleasant interaction” to specifically indicate the pathways safety from
crime or vandalism. The other safety factors (F10 and F19) were also rephrased to explicitly
refer to different issues than each other. Thus, F10 addresses traffic speed and F19 navigation

along the pathways.

The negative wording found in some factors was changed into positive statements consistent
with the required meaning of factors encouraging cycling. Therefore, the negative beginning
(“risk of collision™) of factors 9, 11, and 12 was replaced by “pathways clear from conflict with
kerbside activities,” “low traffic volumes to reduce risk of collision,” and “measures to avoid
conflict with heavy goods vehicles,” respectively. Also, F17 was rephrased into “short waiting
times at junctions along the route” rather than “the length of delay caused by junctions.” In
addition, the ambiguity found in F18 (“ability to maintain own speed on links™) was cleared
out by rewording F18 into “being able to bypass slow-moving traffic to reduce delay” with a

hover-over text, “You can always choose an appropriate speed and pass other vehicles.”

The technical language found in F22, “availability of overlooked routes throughout its length,”
was simplified into “pathways are near city amenities throughout their length,” and the text
“cycling pathways are close to shops, cafes, services / enhance the feeling of social safety” was
added as hover-over text to even clarify it more.

202



Table 8.4 Initial and amended wording of cycling factors

No Factor

Initial wording

Amended wording

Description

Description

Hover-over text

10

Surface material

Surface quality

Pathway width

Gradient

Fear of crime

Dedicated pathways

Conflict at junctions

Road markings and

layout

Conflict with kerbside

activity

Traffic speed

Pathway construction providing smooth and level
surface

Density of defects including raised/sunken covers,
gullies, potholes

Cycling comfortably without risk of conflict with other
users (effective path width)

How steep or hilly is the pathway?

Feeling safe while riding a bicycle along the pathway

Separation of cyclists from traffic

Availability of measures to reduce the risk of collisions
at junctions

Non-complex and self-explanatory cycling network
design

Risk of collision resulted from conflict with kerbside
activity

Reducing the speeds of motor vehicles on the shared

route

Pathways are smooth and with
level surface

Pathways free of defects such as
gullies and potholes

Adequate path width to prevent
conflict with other users

Flat pathways, with no steep
gradients throughout

Pathways free of any signs of crime
or vandalism

Adequate separation between the
road and pathways

Measures to reduce risk of collision
at junctions

Clear, understandable pathway
markings and layout

Pathways clear from conflict with
kerbside activities

Low speeds of motor vehicles on

shared routes

Machine laid a smooth and non-slip

surface

High-quality street scenery and pleasant

interaction

Measures such as closing side roads or

treating them to blend in with footpaths

No interaction with vehicles parking or

loading, bus stops
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No Factor Initial wording Amended wording
Description Description Hover-over text
11 Traffic volume Risk of collision because of increasing traffic volume  Low traffic volumes to reduce risk
of collision
12 Conflict with HGV's Risk of collisions due to conflict with Heavy Good Measures to avoid conflict with Measures such as banning of HGVs along
Vehicles (HGVs) Heavy Goods Vehicles cycling paths
13 Lighting Availability of lighting along the pathway Availability of lighting along the
pathway
14 Unnecessary hazards Cycling pathway clear of physical hazards such as Pathways clear from physical

15

16

17

18

19

20

Deviation of route
Cyclist priority
Delay at junctions
Ability to maintain
own speed on links
Ability to join/ leave

route safely

Route provision for

cyclists

evasion room, guardrail

Routes should follow the shortest option available

Cyclists have few stops or have priority over other
vehicles

The length of delay caused by junctions

The length of delay caused by not being able to bypass
slow moving traffic

The ability for easily and safely join and navigate along
the pathway and between different routes in the
network

The continuity of cycling pathway

hazards such as guardrails

Pathways follow the shortest option

available

Few crossing-stops or priority over

other vehicles along the route
Short waiting times at junctions
along the route

Being able to bypass slow moving
traffic to reduce delay

Easily and safely join/leave and

navigate along pathways

Provision of continuous pathways

for cycling

You can always choose an appropriate

speed and pass other vehicles
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No Factor Initial wording Amended wording
Description Description Hover-over text
21  Signing Availability of clear and direct signs towards Clear and direct signs towards all
destinations destinations
22 Isolation Availability of overlooked routes throughout its length  Pathways are near city amenities Cycling pathways are close to shops, cafes,
throughout their length services / enhance the feeling of social
safety
23 Secure cycle parking Access to secure cycle parking Access to secure cycle parking
along the route
24 Air quality The level of air pollution that cyclists might be exposed Low levels of air pollution along
to on the pathway the pathways
25 The level of noise that cyclists might be exposed to on Low levels of noise along the

Noise pollution

the pathway

pathways
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8.2.5 Strengths and weaknesses of the qualitative testing

The scale's validity is demonstrated by participants' choices and distinctions between factors
indicating their preferences. For example, “in terms of my own preferences, and | would not
go out for a walk at night” (P2); “I prefer the straight walk and I do not really like crossing”
(P1); “I prefer to have very clear visibility not only from my bike but from the streetlights ...
So, that is the most important” (P18). Furthermore, P11 prioritises convenience over risk-type
factors, such as the continuity of the cycling pathway and minimising stops or having priority

over other vehicles.

By the end of each interview (in both experiments), participants were asked if they would add
any additional factors; only one participant in the walking experiment mentioned footpath
maintenance. All other participants agreed that all factors were relevant and sufficient to meet
their needs. However, footpath maintenance was addressed in the rephrasing of F13 into “Well-

maintained and level footpaths for walking and pushchairs.”

Participants were also asked about their overall impression of answering questions (‘How easy
or difficult was this question to answer?”) after completing choice cards and at the end of the
interview. Most participants found the choice cards easy to follow and complete, especially the
later cards as they became familiar with the factors: “really easy for me” (P1); “it is not
difficult” (P12); “I think it was quite easy to choose my most important and least important
from that" (P2); “I thought it was very easy to get the most important one but to find the least
important that needed a bit of thought, actually” (P4); “I would say | have to reread the five
factors twice. So, | would say that is probably normal” (P5); “there was repetition of other ones
| have had, so my cognition process was probably quicker than it would have been if | had not
seen some items before ... so, | think it is relatively easy because | have got more context for
words given in front of me” (P9). Therefore, the difficulty that some participants found was

related to the wording of some factors, ambiguity, and overlapping, but not the scale.

However, the participant's interpretation of the factors and the reasons for choosing one over
others reveal the shortcomings of the BWS. The BWS interprets these interpretations as
preferences, not reflections of the participant's context or situation. Therefore, it is unclear
whether participants choose factors based on hypothetical situations or their current context.
Moreover, BWS may undervalue preconceived notions about factors participants hold
important due to their belief they are beyond their control. Participant may rank these factors

as unimportant or exclude them. They do not actively select these factors, and they do not
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believe that they would motivate them to walk or ride a bicycle more. Instead, they accept their

constant exposure to these factors and exclude them.

8.3 Discussion of the findings in the quantitative analysis of the BWS data
8.3.1 Key findings in BWS walking experiment

The quantitative part of the thesis involved the BWS experiments developed to identify
pedestrians’ and cyclists’ priorities for walking and cycling infrastructure improvements. The
analysis of the BWS data in Chapter 5 showed that the highest priority factors for walking
infrastructure were footpath provision, footpath condition, and lighting (see Table 8.5). Further,
gaps in traffic, traffic noise, and crossing waiting time were the lowest priority. In the cycling
experiment, the analysis of the corresponding data in Chapter 6 showed that dedicated
pathways, pathway width, and conflict with HGVs were the highest priority factors for cyclists
(see Table 8.6). On the other hand, noise pollution, delays at junctions, and deviations from the
route were the lowest priority factors. These findings were confirmed with further advanced

analyses conducted in Chapter 7.

Table 8.5 Ranking of the walking factors

Rank Factor Rank Factor

1 Footpath provision 12 Location of crossings

2 Footpath condition 13 Dropped kerbs and tactile paving
3 Lighting 14 Visibility

4 Footpath width 15 Gradient

5 Buffer zone 16 Street furniture and amenities
6 Traffic control devices 17 Walking barriers

7 Traffic volume 18 Footpath materials

8 Feel of safety 19 Crossings waiting times

9 Traffic speed 20 Traffic noise

10 Air quality 21 Gaps in traffic

11 Green man time

The results indicated that footpath provision, footpath condition, and lighting were the top three
highest priorities for pedestrians. These findings were in line with studies reporting that
footpath provision creates a supportive environment for walking, especially in urban areas
(Paudel et al. 2023), enhancing access to services, particularly for vulnerable people, by
providing direct and uninterrupted routes (Rhoads et al. 2023). Omollo (2022) also highlighted
that the availability of footpaths influences individuals' walking decisions, as they offer a safe
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and convenient route. The significance of footpath provision in promoting walking was
addressed in many studies, such as Cui et al. (2012); Koh and Wong (2013); Sahlqvist et al.
(2012); Koohsari et al. (2017); Nag et al. (2020a) and Paudel et al. (2023).

Well-maintained and level footpaths for walking and pushchairs (footpath condition) was the
second most important factor for pedestrians. This is supported by studies that found poorly
maintained footpaths, with uneven surfaces and obstructions, can increase the risk of accidents
and injuries (Advani et al. 2017; Yu 2024), especially for the elderly and people with mobility
impairments (Cheng 2014), and impact children's active travel to school (Curriero et al. 2013).
Footpath conditions play a significant role in encouraging people to walk, as indicated by
Southworth (2005); Montgomery and Roberts (2008); Kim et al. (2023); Soares Miiller et al.
(2024); and Das and Maitra (2024). The availability of lighting for walking was also among
the top priority factors for pedestrians. Adequate lighting was highlighted by Bullough and
Skinner (2017) to reduce crime fear, a deterrent for walking (Ferrer et al. 2015b), especially
during nighttime (Nag et al. 2020a). Well-lit areas increase pedestrian activity by making
individuals feel safer (Unwin and Fotios 2011; Barnett et al. 2017; Kim et al. 2023; Das and
Maitra 2024).

Air quality (coherence category) and green man time (directness category) were in the middle
of the ranking order, indicating they are less important than most of the safety
factors. However, some studies reported that attractiveness factors such as street furniture and
amenities, green areas (LOpez-Lambas et al. 2021), signage, and cleanliness (Das and Maitra

2024) are the key factors influencing walking route choice.

8.3.2 Key findings in the BWS cycling experiment

In the cycling experiment, dedicated pathways, adequate path width, and measures to avoid
conflict with HGVs were the top highest priority factors for cyclists (see Table 8.6).

Table 8.6 Ranking of cycling factors

Rank Factor Rank Factor

1 Dedicated pathway 14 Lighting

2 Pathway width 15 Cyclist priority

3 Conflict with HGVs 16 Ability to maintain own speed on links
4 Conflict at junctions 17 Air quality

5 Surface quality 18 Signing

6 Route provision for cyclists 19 Secure cycle parking
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7 Ability to join/ leave route safely 20 Isolation

8 Unnecessary hazards 21 Fear of crime

9 Surface material 22 Gradient

10 Traffic volume 23 Deviation of route
11 Conflict with kerbside activity 24 Delay at junctions
12 Road markings and layout 25 Noise pollution

13 Traffic speed

These findings were in line with prior evidence regarding priorities for cycling infrastructure
provision. For example, a study in Trondheim, Norway, reported that dedicated cycling paths
increased cycling appeal (Maizlish et al. 2017; Vasilev et al. 2018). Other studies have also
reported that the provision of cycling paths significantly influenced cyclists' route choices (de
Jong et al. 2023b), made cyclists feel comfortable and involved (Clayton and Musselwhite
2013), even if it meant deviating from the shortest path (Larouche et al. 2021). Dedicated
pathways for cycling enhance riding safety (Pucher and Buehler 2010; Marqués et al. 2015),
particularly for women and those cycling with children (Hardinghaus and Weschke 2022), and
lower cyclists’ stress levels (Cobb et al. 2021) compared to cycling on un-dedicated lanes, as

it could increase their risk of accidents (Van Cauwenberg et al. 2018).

Adequate cycling-path width was the second highest priority for cyclists. This was supported
by Schepers et al. (2023), who reported that proper cycling path width was crucial for cyclists
to maintain a safer lateral position and facilitate safe meeting maneuvers. Many studies
established that road width is a significant factor influencing cyclists' route choice, with wider
roads and cycling paths preferred due to reduced risk and increased comfort (Schramm and
Rakotonirainy 2009; Segadilha and Sanches 2014; Marqués et al. 2015; Majumdar and Mitra
2019; Wierbos et al. 2019; Schepers et al. 2023). Further, Xiao et al. (2023a) emphasised that
cycle lanes' width and length are crucial, with an increase in lane length correlated with higher
daily cycle counts. This study’s findings indicated the importance of providing measures to
avoid conflict with HGVs to promote cycling. This is in line with Aupetit et al. (2015), who
found conflict with HGVs as a primary factor that discourages cyclists from riding their
bicycles due to risks. In addition, many cyclists reportedly attempt to avoid riding in noisy,
overcrowded areas that could trigger accidents (Stinson and Bhat 2003; Bil et al. 2010;
Karpinski et al. 2022).
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8.3.3 Strengths and Limitations of the BWS Experiments and Quantitative Approach

BWS provides richer and more cognitively easier information for developing definite scales
and improving individual-level scales compared to rating and ranking tasks (Marti 2012). BWS
also offers a concise scale to achieve exact discrimination of responses by requiring participants
to choose only the extreme 'Highest priority' and 'Lowest priority' on partial sets of the complete
list (Louviere et al. 2015).

Most importantly, the BWS approach can overcome response biases by requiring respondents
to differentiate between items, preventing them from always choosing mid-points, end points,
or one end of a scale (Cohen and Markowitz 2002). Its simplicity and undemanding nature, as
respondents choose only one factor for highest and one for lowest, improve data quality (Soutar
et al. 2015).

On the other hand, every study comes with a set of limitations that need to be acknowledged.
Firstly, this study was constrained by the COVID-19 pandemic, which in many instances
challenged the data collection campaigns. This was one of the primary reasons for opting in for
an online panel as the main way of recruiting participants. The limitation concerning the
sampling and its potential impacts upon this study are discussed in detail in Chapter 3. Having
said that, several actions were introduced to try to limit these impacts; for example, the BWS
instrument was heavily tested for its internal validity prior to the main survey. The sampling
approach included quotas per age group and gender to ensure that the sample was at least
representative against these two variables. Finally, several diagnostic questions were included
in the survey questionnaires for the walking and cycling that captured the level of
understanding of the BWS tasks. These ensured that only those respondents who understood

the experiments were then included in the quantitative analyses.

Finally, the starting point for developing the BWS experiments was audit tools developed by
different organisations to measure the quality state of infrastructure. This thesis was limited to
those tool-related factors; however, other factors, such as weather conditions, may influence
individuals’ choice to walk or cycle. However, the primary focus of this study was to
concentrate on infrastructure-related elements that would help local governments to prioritise

funding using an evidence-based, user-informed instrument.
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8.4 Contributions to the knowledge

This thesis makes significant contributions to knowledge as summarised in the following

subsections.

8.4.1 Academic contributions

This thesis offers a comprehensive review and synthesis of the literature, placing emphasis on
pedestrian and cyclist needs, built environment, walking and cycling auditing tools, and
infrastructure-related factors that would enhance walking and cycling as a mode of
transport. The literature review offers new knowledge in terms of identifying and classifying
pedestrian and cycling needs (i.e., safety, directness, attractiveness, cohesion, and comfort).
The literature review also found that these factors have been extensively used to assess the
quality of infrastructure, there have been very few instances where these have been converted
into a preference-based elicitation instrument to identify priorities as these are viewed by

citizens.

The thesis has developed an internally valid survey-based BWS instrument to capture
individuals’ priorities for walking and cycling via an attractive method, which is less
cognitively burdensome for the respondent over rating and ranking tasks (Marti 2012;
Campbell and Erdem 2015). Most importantly, the thesis provides detailed guidance on how
to validate a BWS experiment and how to implement this approach to gauge fine-grained
evidence from personal interviews that may be missed in a quantitative survey (see, also
Albahlal et al. 2024). Cognitive interviews and thus pretesting of a BWS experiment can help

enhance data accuracy through the early detection of cognitive challenges (Willis 1999a).

This thesis shows that refining materials through cognitive pretesting can improve the internal
validity of a BWS instrument — i.e., bridge the gap between the researcher's intended and
participants' interpretation of questions (Knafl et al. 2007). This study has shown that cognitive
interviewing is an effective tool in ensuring the validity and usability of the instrument prior to
a large-scale fieldwork, especially in the case of BWS experiments (Beatty and Willis 2007).
The findings of this study present a case for ways to revise and use infrastructure-related factors
for eliciting investment priorities for walking and cycling. Future studies involving BWS
experiments should incorporate a detailed qualitative framework for cognitively testing BWS
experiments as part of the survey development process, especially if the survey context is new

and items are objective as was the case with auditing tools in this study.
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Finally, the proposed instrument can be universally applied across different countries, local
authorities and cultural contexts; most importantly, the findings (preferences) would be
comparable if the instrument were to be applied, for example, in the UK and other countries
(e.g., Saudi Arabia). This is one of the first studies to employ BWS experiments in transport
research where their application has been limited. This thesis provides a robust empirical

framework and methodology to develop, internally validate and implement BWS experiments.

8.4.2 Contributions to policy and decision-making

In regards to contributions to policy and decision-making, the thesis provides empirical
findings on what are the pedestrian and cyclist preferences for infrastructure improvements and
thus, points to priorities for funding allocation to encourage walking and cycling uptake in the
UK. This study underscores the importance for urban planners and policymakers to consider
people's priorities in fostering pedestrian and cyclist-friendly environments. Thus, this thesis
provides local authorities with evidence-based guidance for future investments in active travel
infrastructure based on citizen's choices. Decision makers' responsiveness to the needs of actual
users strengthens democracy. The thesis developed 21 walking and 25 cycling investment-
relevant factors that were validated through qualitative research and then embedded into two

BWS Case 1 survey instruments, respectively.

This thesis provides empirical evidence from across the UK population on what the investment
priorities should be for walking and cycling. For example, the thesis found that provision of
continuous footpaths for walking, well-maintained and level footpaths for walking and
pushchairs, and the availability of lighting along the footpath were the highest priority factors
for pedestrians. In the cycling experiment, cyclists prioritised adequate separation between the
road and pathways, adequate path width, and measures to avoid conflicts with HGVs. These
findings can help local authorities in directing investments towards promoting active travel
through appropriate investment in the aforementioned domains. Finally, the survey instrument
could be implemented by local authorities in different countries, as the instrument is free from

contextual and cultural biases (Flynn et al. 2007).

8.4.3 Methodological contributions

This research developed a comprehensive framework for assessing priorities for active travel
(walking and cycling) infrastructure investment. This framework has been developed through
a rigorous assessment of the current literature, a synthesis of audit tools for walking and cycling

infrastructure and further developed qualitative and quantitative methods to construct a robust
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BWS instrument. It further demonstrates how this instrument can be implemented to collect
empirical data from the public (in the case of walking) and cyclists, to elicit priorities for

walking and cycling infrastructure investments, respectively.

This study used qualitative methods through semi-structured cognitive interviews pre-testing
to internally validate a preference-based elicitation approach (BWS). The study emphasises the
significance of cognitive interviews in large-scale surveys. Cognitive interviews, through
pretesting of a BWS experiment, can improve data accuracy by detecting cognitive challenges
early. Additionally, cognitive pretesting can enhance the internal validity of the instrument by
bridging the gap between the researcher's intentions and participants' interpretation of
questions. This study demonstrates that cognitive interviewing is an effective tool for ensuring

the instrument's validity and usability before large-scale fieldwork.

Furthermore, the quantitative method was used via a general public survey of a sample of the
UK’s residents. In both experiment, quota sampling was implemented to cover different adult
age group for both genders. Finally, this thesis highlights the importance of mixed methods
research within the context of choice-based experiments. It provides strong evidence that a
combined qualitative and quantitative framework would ensure the validity of future BWS

experiments.

8.5 Recommendations for future research

The thesis suggests that future studies can further explore the top ten highest priority factors
identified in this study, in both walking and cycling experiments, by applying BWS - Case 2
(Louviere et al. 2015). The Attribute or Profile Case would have multiple levels for each factor,
indicating the significance of one level over another (Soekhai et al. 2021). For example, some
pedestrians may prioritise “poor lighting condition” on footpaths over “traffic volume low,”
highlighting the importance of lighting in all conditions.

Furthermore, subsequent studies may customise the experiment to a particular road or area in
which some of the factors may be irrelevant or new factors may need to be introduced in
collaboration with local authorities. The thesis further provides opportunities for comparative
studies — within the UK and across different local authorities (Wales vs. England vs. Scotland),
including comparisons between urban and town centres, as well as internationally, and thus

inform priorities for infrastructure investment.
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This study's framework considering cognitive interviews and the experiments design can be
applied by other researchers in various countries and contexts for designing and evaluating
complex infrastructural interventions to enhance active travel. Future studies should use a
detailed qualitative framework for cognitively testing BWS experiments, especially in new

contexts with objective items, as seen with auditing tools in this study.
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