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Abstract

Many people in Inner Melbourne are missing out on the benefits of bicycle riding for
transport, benefits as demonstrated in cities like Amsterdam and Copenhagen. Safety,
however, is a threshold issue for new riders. Previous research has established that a
wide range of factors can influence the safety of bicyclists and that local differences in
context are important. This thesis explores the possibility that Inner Melbourne could

become safe enough for many more adults to travel by bicycle.

An interpretive research methodology was used, which involved predominantly
qualitative methods together with analysis of quantitative data on road trauma. A case
study approach examined the social and technical features that influence city safety for
bicycling in Inner Melbourne, Amsterdam, and Copenhagen. The research integrates the
Safe System framework from road safety with a broader public health policy framework.
Original interviews, document analysis, and observations were used to explore
differences in safety and to reveal opportunities for change. Three themes were used for
the analysis: the historic and policy contexts; the decision-making processes; and the

content of measures that influence safety.

The research introduces several concepts to explore the production of good enough
safety, including reducing risk and reducing perceptions of danger. It suggests that the
policy context needs to be framed to value the potential contribution of bicycling to
liveability; that decision processes need to connect bicycling to community needs; and
that locally appropriate Safe System content could be re-imagined to consistently
communicate safe behaviour for all road users at modest cost. The findings suggest that
Inner Melbourne could be made safe enough for new adult riders by co-production

involving government, stakeholders and road users.
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Chapter 1 Introduction

Bicycling can be a key contributor to sustainable city access and mobility. However,
unless a city is safe enough for trips by bicycle, many trips will be made at higher cost
by car or public transport. Also, in a city that is unsafe for bicycling, the community

foregoes health, environmental and social co-benefits.

Researchers have argued the need for location specific studies on the efficacy of policy
interventions in a city with low levels of bicycling as:
infrastructure provision, program, or policy might have different impacts on

bicycling in different contexts, making it risky to generalize about the
effectiveness of any individual measure.

(Pucher et al., 2010, p. s121)

In this research, | seek a deeper understanding of the contextual and safety differences
between Inner Melbourne, which has comparatively low levels of bicycling compared
to the exemplary bicycling ‘big cities’ of Amsterdam and Copenhagen as identified by
Buehler and Pucher (2012). | ask: what could be changed to make Inner Melbourne safe
enough for a broad demographic of adult car users to change to bicycles for short city

trips?

Inner Melbourne! is a compact area that developed in the pre-car era; it retains many
characteristics that suggest the potential for more adults to ride to nearby activities
instead of using cars. Safety fears and driver behaviour are, however, established
barriers to more transport cycling (Garrard et al., 2008; Godefrooij, 2014; Sweeney,
2018).

A sample survey for the Victorian government road agency, VicRoads, found that 75%
of bicycle owners were risk-averse and restricted their riding because of safety concerns
(Hall and Partners, 2010). A 2018 survey of Melbourne residents found that most

1 Inner Melbourne is the small central area of Greater Melbourne, in the State of Victoria. Inner
Melbourne (see Figure 4-3) is the area defined by the five municipalities of Maribyrnong, Melbourne,
Yarra, Port Phillip and Stonnington: a grouping used in the Inner Melbourne Action Plan (Inner
Melbourne Action Plan, 2013) and Plan Melbourne (Government of Victoria, 2014).

Warwick Pattinson ©2020



considered bicycling as too intimidating because of the risk of a collision or car dooring
(Sweeney, 2018).

However, in cities such as Amsterdam and Copenhagen, a large number of riders can be
observed, in designated space, on utility rather than sport bicycles, and dressed for their

destinations be that work, shopping, or social activities, see Figure 1-1. The

demographic of riders includes more women and people across a wider age range than
in Melbourne (Garrard, 2011).

Amsterdam Copenhagen Melbourne

Figure 1-1 Bicycling in Amsterdam, Copenhagen, and Melbourne

To make a trip in Inner Melbourne with a low risk of injury, it makes sense to avoid
bicycle use. In 2009 bicycle riders made 4% of trips (by all modes) but experienced
22% of the recorded serious injuries (Department of Transport Victoria, 2009)
(CrashStats 2009-2013). Potential transport riders, the could-be riders?, are unlikely to
know the comparative statistical risks, but they perceive that riding is more dangerous
than other modes — car use, public transport, or walking — as is reflected in their travel
choices.

Many factors influence perception of safety for could-be riders, including the speed,
volume, number, and size of vehicles in traffic, the views of friends and family, and
how they feel about their operational competence to create a safe enough trip. Safety is
a personal construct is subjective, variable, relative, and tradeable, for speed and other

perceived benefits as discussed in Chapter 4 (Slovic et al., 2004). Provision of good

2 A could-be rider is a person who has access to a bicycle but rarely rides for short transport trips. They
may ride for recreation but make most short trips by car or public transport.

Warwick Pattinson ©2020
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enough safety for bicycling in a city is thus a complex challenge for policymakers.
Aldred et al. (2017) also argue that safety needs to be high enough to meet the needs of

under-represented groups such as women and older people (Aldred et al., 2017).

International and local research and practice over the last 50 years has suggested a
variety of measures to improve rider safety, ranging from controls on riders, support
through the four E’s: Engineering, Encouragement, Education, and Enforcement (Scott
et al., 1978), to comprehensive and integrated urban planning and national policies that

prioritise bicycle riding and control car use (Pucher & Buehler, 2008).

1.1 Research purpose and approach

My motivation is to contribute to knowledge and practice on city sustainability, as
envisioned in the 'sustainable mobility paradigm' outlined by Prof David Banister, with
a change from car to bicycle for some short trips (2007, 2008). The first issue is the
perception among car users in Melbourne that bicycle use for transport is too dangerous.
A second issue is an apparent concern amongst policymakers for the safety of those
who could be encouraged to ride (Schepers & Heinen, 2013). As observed by Wegman
et al., these concerns are reasonable as bicycling ‘is rather dangerous’ (Wegman, 2012,
p. 19). The unprotected human body is fragile, vulnerable in traffic and bicyclists can
also fall and sustain serious injuries. The safety questions to be faced for individual
travellers and policymakers hinge on the feasibility of more people using bicycles as

transport without an increase in fatalities and injuries (Wegman, 2012).

A very distressing example of the traffic risk faced by people who decide to travel by
bicycle was put to me as | started this research. A friend from Inner Melbourne told of a
neighbour, a young professional woman, who was advised to try riding to work, had
done so and was run over by a truck and critically injured. The details were shocking: as
the young woman had been wearing a helmet, she remained conscious while being
crushed under the truck’s wheels. She then spent weeks, confused, in an induced coma
believing she was being tortured. Her recovery took many months and several complex
operations. | thought this is not good enough, surely travel by bicycle in Inner

Melbourne could be made safer.

Warwick Pattinson ©2020

3



As an engineer and transport planner, my professional interest in bicycles as transport
started in the 1970s and continued with my work at the Commonwealth Bureau of
Roads, the Melbourne and Metropolitan Board of Works, the Ministry of Transport,
Road Construction Authority/ Road Traffic Authority/ VicRoads, City of Melbourne,
Department of Infrastructure, ARRB Group and at Halcrow Pacific. My initial
motivations included: concerns over Melbourne’s car dependence, reliance on imported
oil; the road toll (which in Victoria had reached 1066 deaths); and the equity issues
associated with car dependence, as raised by Ivan Illich in his book Energy and Equity.
Illich was a strong influence as he brought these issues together and put a compelling
case for the bicycle as efficient and equitable urban transport (lllich, 1974; Tranter,
2012).

In the late 1970s and early 1980s, following the lead of bicycle riders® including
community activist Alan Parker, journalist Keith Dunstan and Brian Dixon MP (then
the Victorian Minister for Youth, Sport and Recreation), | worked with colleagues on
the Geelong and Melbourne Bicycle Plans. The Geelong Plan study team included a
planner, Mike Scott, originally from the UK, who, with activist Alan Parker, was
familiar with what was happening for cycling in Amsterdam and the Netherlands. Child
safety was a major concern for Victoria, as it was in the Netherlands, which led to
development of Victoria's Bicycle Ed program for year five and year six Primary
School children; recommendations for the default urban speed limit to be reduced from
60 km/h to 40 km/h — with an eventual compromise of 50 km/h introduced in 2001, and
‘secondary’ safety through compulsory bicycle helmet legislation. Measures were
framed around the 4 E's of Engineering, Education, Enforcement, and Encouragement
(Scott et al., 1978), developed 20 years before the Road Safety, Safe System and Vision
Zero framework (Tingvall & Haworth, 1999).

The efforts to improve the city for bicycling in Melbourne in the 1970s and 1980s,
however, succumbed to ‘automobilisation’ (Sweezy, 2000). Banister, in the UK,

observed that getting attention for bicycling as transport was hampered by the dominant

3 generally use the terms bicycle riders (or riders) to distinguish transport or utility riders from
recreational ‘cyclists’, however cyclists is also used as this is common usage in Europe.

Warwick Pattinson ©2020
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transport policy paradigm that time spent travelling was a cost to be minimised and with
savings in travel time quantified as a benefit for the numerator in the benefit-cost
analysis used to justify road projects. Less and slower motorised traffic in cities was not
acknowledged as being of value for city amenity and safety, and the value of time spent
on active travel, like bicycling, was yet to be incorporated as a benefit in public

discourse.

A strong argument, built on economic, environmental, social and health grounds for
more bicycle use, has, however, not led to the widespread adoption of measures to
support growth in travel by bicycle (Cavill, 2012; Giles-Corti & Whitzman, 2012;
Grous, 2011; Pattinson, 1977; Pucher & Buehler, 2012; van Ommeren et al., 2012). The
benefits for cities from more bicycle riding — less car use, less noise and air pollution;
reduced road and public transport congestion (Low, 2007); and health benefits to the
community from incidental exercise while travelling, and a safer road system for all

users (Marshall & Garrick, 2011) — has not received community or political recognition.

A further issue is that in Melbourne and Australia, the road safety focus for the last 50
years has been on protecting car occupants by safer roads, safer cars, and safer drivers.
Also, contemporary local research on bicycle rider safety has primarily focused on the
safety of existing riders, that is, to reduce the risk — the number of injuries - as distinct
from improving the perceived safety of bicycle riding to increase the numbers riding.
To attract new riders it will be necessary to think beyond the safety needs of existing
riders, understand the needs of a broader demographic, and tackle local systemic

barriers.

1.2 Aim: understanding safety for potential bicyclists

To further the understanding of the complex problem of city safety for adult ‘could-be’
transport riders in Melbourne, 1 use the Interpretive Research methodology in a
comparative case study with mixed methods. Interpretive research can start from
puzzling about why things are how they are (Schwartz-Shea & Yanow, 2012), rather
than testing hypotheses. In this thesis safety is explored as a social phenomenon, to be

understood in specific contexts, as well as to learn from differences.

Warwick Pattinson ©2020
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Safety and risk are complex issues (Adams, 1995; Twisk et al., 2013). For this research,
however, two practical dimensions are considered: objective safety or measurable risk;
and subjective or perceived safety — what | call 'danger' (see Chapter 4). Objective
safety, risk, can be assessed by crash analysis with attention then directed to high-risk
aspects such as: engineering standards; vehicle design; traffic regulations and road user
behaviour. Perceived danger is different, as, although the perceptions may draw on the
objective environment, decisions are based on individual beliefs and constructs,
influenced by emotions rather than facts. As explored later in Chapter 4, these two

dimensions, risk and danger, are not always congruent.

Cities are complex systems and safety is a complex issue. Safety for travel by bicycle is
in part a product of how a city has developed: its history, infrastructure, land use,
institutions, and policies at all levels of government, including the extent to which
policies have privileged private motorised travel, automobility, over other modes
(Beckmann, 2004; Marshall & Garrick, 2011). In cities, the safety of trips by bicycle
may vary with contextual factors, such as trip lengths to reach destinations, motor traffic
volumes and speeds experienced, and individual rider operational choices, such as route
and speed, as well as the characteristics of riders, such as age and operational ability.
‘Safety’ is thus a local, city-specific, socially, and individually constructed socio-
technical phenomenon which one can seek to understand but not necessarily fully

explain.

Complexity influenced this research as it led me to shift my focus from safety
engineering measures for bicyclists to the broader question of why some cities were
safe-enough for people to make trips by bicycles while others, like Melbourne, were
not. The socio-technical systems approach (Trist, 1980) and the Deep Design concept
(Wann, 1995) show that for effective change in fields involving planning, engineering,
and design, it is necessary to engage both with people’s conscious thoughts and

unconscious feelings.

To explore these issues, | drew on research from several disciplines, including public
policy and public health (Walt & Gilson, 1994; Walt et al., 2008). The context of the
Walt and Gilson framework was conceptualised as including transport and land use
policies; and the content as including engineering measures, such as bicycling
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infrastructure and vehicle safety — of both bicycles and motor vehicles, and the

management of motor vehicle volumes and speeds.

It is acknowledged that safety is but one of many factors in travel choice (Goodwin,
2008). Other concerns, not covered here that deter potential transport bicycle riders
include possible theft of their bicycle, weather extremes, limited ability to carry objects,
the possibility of delays due to mechanical failure or minor incidents, abuse from
motorists, and reluctance to go against prevailing group norms favouring motorised
transport (Australian Department of Infrastructure and Transport, 2012; Bauman et al.,
2008b; Pojani et al., 2017; Vandenbergh & Steinemann, 2007). These barriers, however,
also have a secondary influence on safety as, by reducing the amount of bicycle riding,

the ‘Safety in Numbers’ effect is not developed for those who do ride (Jacobsen, 2003).

Excluded from this research are the wide-ranging benefits of more transport bicycling,
the economic, environmental, and social benefits, including the business case for more

travel by bicycle, which, as noted above, has been well covered by others.

As the motivation for this research was to understand how a city can further
sustainability by being safe enough for significant amounts of travel by adults on
bicycles instead of in motor vehicles, the safety of bicycle use is explored relative to the
safety of other modes, particularly motor vehicles. Safety for children is thus also out of
scope for this research, although the overlap of interests is clear (Tranter, 2018). Safe
bicycling for children has also been well covered by others, such as Freeman and
Tranter (2011).

Recreational bicycle riding — on and off-road — is also out of scope, although trips with
a dual or secondary recreational purpose are notionally included. Dual-purpose trips
support the idea of transport bicycling being called “utility’ bicycling; however,
‘transport’ bicycling is used in this research as it stresses the transport purpose. Safety
concerns are also more important as a deterrent to transport cycling than recreational
cycling, which is not particularly dangerous compared to many other sports (Bauman et
al., 2008b). It is to be noted that as the available mass data on crashes does not separate

transport bicycling from recreational cycling, this tends to overstate the number of
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transport-bicycling injuries, but the numbers have not been adjusted as to do so would
exacerbate the underreporting of injuries to bicyclists (Harman, 2007).

During the period of this research, 2012 — 2019, there was significant growth in e-bike
use, ‘Bike Share’ programs, and new personal vehicles such as scooters; the issues for
these phenomena are out of scope. However, safety for these sub-categories of
vulnerable users could be expected to be improved in a city made ‘safe-enough’ for
more bicycling. It is also noted that others have explored these important developments
(Fishman & Schepers, 2014; Rose, 2012; Rose & Johnson, 2013; Schepers, J. et al.,
2014).

This research aims to contribute to a sustainable safety vision for Inner Melbourne,
building on local characteristics and drawing inspiration from Amsterdam and
Copenhagen, with sensitivity to the differences in city contexts and the challenges of

knowledge transfer.

Regarding time horizons for measures and programs, this thesis looks to the medium-
term — 10 to 20 years.

In seeking inspiration on what ‘good enough’ safety may constitute, | drew on the ideas
of the British psychotherapist Winnicott of ‘good enough’ parenting, which also
recognises the importance of developing individual competencies. Then, to suggest a
practical path for implementation, I drew on the public policy ideas of adaptive failure
(Heifetz, 2003) and value creation through co-production (Alford, 2009; Benington &
Moore, 2011).

In summary, several fields, including public health and public administration, suggest
that a deep understanding is needed of the specific local contexts, policy frameworks
and processes for effective change. Wegman et al. warn that the transfer of findings
from a city like Amsterdam must be undertaken with caution, and must be focused on
understanding principles (e.g. of the Sustainable Safety approach), not copying of
detailed measures (Wegman et al., 2012 ).

Warwick Pattinson ©2020

8



1.3 Research questions and approach

This research started from an engineering perspective, to study if further Safe System
measures used in northern Europe for bicycle safety could be adapted and transferred to
Melbourne. However, it became apparent that to improve the safety of adult bicyclists
sufficiently to encourage more travel by bicycle, there were bigger questions relating to
the contextual factors. The research questions are thus framed from a socio-technical
systems perspective to understanding why safety for bicycling is different in Inner
Melbourne to the two exemplar cycling cities, Amsterdam, and Copenhagen? This is

explored by three questions:

1) What is 'good enough' safety in a city for adults to travel by bicycle and how
safe are Inner Melbourne, Amsterdam, and Copenhagen? (Chapter 4)

2) Why is it that safety is good enough for many adults to travel by bicycle in
Amsterdam or Copenhagen but not in Inner Melbourne? (Chapters 5, 6, 7
and 8)

3) What can be learnt for Inner Melbourne from Amsterdam or Copenhagen?
(Chapters 8 and 9)

These questions are asked within the interpretive frame (see Chapter 3), to understand
what is going on in each city, rather than testing hypotheses. The interpretive research
approach, used within the broad constructivist-interpretivist framework, involved
analysis of secondary quantitative data and then the collection and analysis of different
types of qualitative data and. Interpretive research privileges the empathic, that is, it is
undertaken without judgement but involves interpretation of documents, data, and the
views of participants valuing their local, situated knowledge (Schwartz-Shea & Yanow,
2012, p. 5).

The comparative case study approach is used to advance understanding of the
differences in real and perceived safety for people using bicycles for transport in
Amsterdam, Copenhagen, and Inner Melbourne. The trip making by bicycles, for
shopping, social activities, work or education, is envisaged as 'low intensity' riding; that
is at a leisurely pace of less than 25 km/h, wearing clothes for the destination not for the
ride, as for trips made on foot, in public transport or by car.
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As shown by Pucher, Buehler and others much can be learnt from studying bicycling in
other cities and countries (Buehler & Pucher, 2012b; Pucher & Buehler, 2008, 2013;
Pucher & Dijkstra, 2000). As others have undertaken broad comparisons across multiple
cities (Buehler & Pucher, 2012b), this research is based on only three inner-city areas to

allow a detailed and deeper exploration.

The geographic focus for this research is the Inner Area of Greater Melbourne, as
defined by the Inner Melbourne Action Plan (IMAP) group of five councils, see Figure
4-3. That is, excluded are the diverse and car-dependent middle and outer suburbs of

Greater Melbourne.

In seeking to understand why there is so little transport bicycling in Inner Melbourne,
compared to Amsterdam and Copenhagen, the focus is on the differences in the safety
of the cities for bicycling by adults. Potential could-be riders in Inner Melbourne may
be drawn from a broad demographic who currently use cars, (or public transport or
walk), for short, up to 5 km, trips that could more efficiently be made by bicycle. The
importance of safety for women was illustrated by Heesch et al. (2012) who found that
they feel more constrained than men by environmental factors; a safe-enough city for
women to ride needs to be to a higher level of safety (Heesch et al., 2012). New
transport riders are envisaged to come from a broad demographic who believe that
riding for transport in the Inner Melbourne is too dangerous; this demographic includes
more women and ranges from experienced sports cyclists to those who rarely ride a

bicycle, to people who have a disability (Aldred, 2017).

1.4 Significance and contribution

This research advances the practice of urban policy and planning through a context-
sensitive approach that systematically considers aspects of different national, regional,
and local policies. The research approach reveals the possibilities of learning and
transfer of principles and ideas to improve city safety for travel by bicycle. It
contributes to policy analysis by developing the Walt and Gilson public policy health
triangle (see Figure 2-6) for city safety for bicyclists by including the Safe System
model and extending it to urban policy and planning.
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Two neglected areas of city safety for bicyclists in Inner Melbourne are addressed: the
safety concerns of 'could-be riders' and the lack of interest by the Victorian and
Australian governments in the safety needs of these potential riders. This thesis thus
differs from the significant body of research on improving the safety of existing riders
and seeks to provide balance to road safety policies focused on the needs of motor

vehicle users.

The research provides an example of the interpretive research approach applied to an
urban transport policy issue, city safety for bicycling, that draws on both quantitative
and qualitative data —from interviews, document analysis, observation and engagement —
in a way that has not to my knowledge been previously used to explore safety for
bicyclists. This research also contributes to the case study methodology by
demonstrating how city areas can be better defined for stronger comparisons, the
importance of understanding history, and the insights gained from multiple

perspectives.

This research also provides a way to calculate and compare risk — injury numbers
related to trip numbers* — the “R” index, for different modes and between cities. The
question of when a city is safe enough for bicycle use to be a mainstream choice is then
explored. A framework is also provided that considers the relationship between
objective risk and subjectively perceived safety — danger — an interaction relevant to
governments and individuals. Finally, the research contributes to practice by setting out
a vision for good-enough bicycle safety, founded on sustainability and liveability

values, that could be pursued through co-production.

AA development of the measure, crashes per 100,000 trips, used by Pucher and Buehler (2016)
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In the next chapter, | review theories and the academic material on the safety of
bicycling in cities. Several theories are considered to aid understanding of bicycling
safety, including from engineering, socio-technical systems theory, public health, and
public policy. Constructs (understandings) of road safety are discussed, including issues
with data reliability, exposure, and objective and subjective safety. Selected literature
on the development of policy and transfer of best practice is also reviewed. To explore
the range of influences on the safety of a city for travel by bicycle, an integrated
analytical framework is developed drawing on concepts from: public health policy,
public policy, and the Safe System approach, see Figure 2.8, the Context, Process and
Content (CPC) framework.

Chapter 3 then outlines the rationale for the use of a constructivist interpretive research
approach to understanding what shapes safety for bicycle riders, the choice of the
comparative case study approach, and the use of mixed methods. Details are then given
of the phases of research, including exploratory interviews, use of social media,

statistical analysis, document analysis, interviews, observation, and engagement.

In Chapter 4, | define the case study areas: Inner Melbourne, Amsterdam, and
Copenhagen. The defined areas are used to explore quantitative aspects of safety for
bicyclists in each study area and develop a way of quantifying objective risk by
considering injury numbers relative to trip percentages.

Chapter 5 on Amsterdam, Chapter 6 on Copenhagen and Chapter 7 on Inner Melbourne
provide the detailed case study analysis, utilising the CPC framework (Figure 2-8), to
understand safety for bicyclists in each case study city, drawing on documents,
observations, and the perspective of key informants. The findings are organised under
three subheadings: the historic, cultural and policy context; the processes for decisions

and implementation; and the content of measures.

In Chapter 8, Interpretation and discussion, the lessons for Inner Melbourne in
comparison with the exemplar cities, are considered. The contrasting institutional and
policy contexts reveal weaknesses in the approach in Melbourne, while also suggesting
opportunities to build on the local pride in liveability and road safety achievements. In

exploring content measures, such as engineering design and regulation, the potential for
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a different (people-centred) design philosophy is identified. Also noted are the perils
that may follow from not understanding differences in context.

Chapter 9 sets out a vision for Inner Melbourne to be made safe enough for more travel
by bicycle for a broader range of adults. A process of change is suggested, based on
community-driven adaptive leadership and co-production, to move toward a city safe
enough for transport bicycling in which stakeholders and independent actors contribute

to the production of safety.

In Chapter 10, | summarise the answers to each research question and outline my

contribution.
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Chapter 2 Literature review: the safety of city bicycling

This chapter explores the literature on road trauma to bicyclists and the associated fear
of injury that is a barrier to sustainable transport in Melbourne. First, | briefly
summarise why safety for bicycling is important for cities then draw out key findings
from Melbourne crash studies. Then, current perspectives on reducing road trauma to
bicyclists, the safety concepts, and the influence of perceptions of danger that deter

could-be riders are discussed.

In the second half of this chapter, | draw on a broader interdisciplinary body of research,
including theories and models from public policy, institutional change, and reasons for
implementation failure. This chapter concludes with an integrative model used to

understand differences and states the research questions explored in this thesis.

2.1 Why safety for bicyclists is important

The literature provides compelling reasons for improving the safety of cities for
bicyclists. Pucher and Buehler, in City Cycling,(2012), emphasise that bicycling is
(potentially) highly beneficial for individuals and society. The World Health
Organisation (WHO), has reported that in cities, heavy motorised traffic travelling at
high speed has resulted in high levels of road trauma, and then, by deterring active
transport, including bicycling, is causing increases in longer-term deaths and disability
for motor vehicle users (2013). WHO estimated there were 21.2 million deaths and
serious injuries to people who engaged in active transport, and 34.5 million deaths to
people with sedentary lifestyles because of reliance on motorised transport (Lee et al.,
2012).

During the 20™" century, as motor vehicle use increased, the road safety problem
emerged and was framed as an unacceptable number of road deaths. Road deaths have
persisted as a road safety metric. For example, the OECD 2013 international benchmark

study on road safety, was based on road deaths, see Figure 2-1 below:
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Figure 2-1 Changes in road user deaths

The OECD study revealed that, in Australia, unlike most other OECD countries,
bicyclist deaths increased by 10% but decreased in Denmark by 48%, and in The
Netherlands by 14%. The data also revealed different trends between modes. In
Australia, deaths to pedestrians decreased by 36% and for car occupants by 34%,
however, in the Netherlands and Denmark, the improvement in safety outcomes for car
occupants was even greater than in Australia. The IRTRAD data thus supports the
argument by Wegman et al. that improved safety for bicyclists can be good for all road
users (2012).

Differences between countries revealed in the IRTRAD data point to the influence of
national policies including: road rules; controls on vehicle design (such as aggressivity
of vehicle fronts); economic policies (such as vehicle and fuel taxation); and policies on
land use arrangements which influence the accessibility of activities and trip lengths.
The next section providers a synthesis of studies of crashes, most of which occurred in
Melbourne®, Australia, the larger metropolitan area containing the study area for this

research.

5> Most of the recorded crashes occurred in Melbourne but some data sets included a
small number of crashes from beyond Melbourne.
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2.2 What Melbourne crash studies show

This section provides a synthesis of findings from several studies on crash data and
related in-depth studies. The objective measure used for primary safety outcomes is the
combined numbers of deaths and serious injuries (Peden et al., 2004). In Europe, this
metric is killed and seriously injured (KSI), and in Australia, fatal and seriously injured
(FSI) (Austroads, 2013). The KSI (or FSI) is a more informative indicator of
environmental risk for bicyclists, as, for example, in the Inner Melbourne study area in
2013, there were no reported deaths for bicyclists, but over 160 reported serious injuries
(VicRoads, 2015).

In Melbourne, over the eight years from 2000, with an increase in cycling, there was a
doubling of deaths and serious injuries (Garrard et al., 2010). Garrard et al. also note
that there was an increase in the objective risk of potential injury from bicycle use
relative to car use. Seven local studies, summarised below in Table 2-1, provide insights
into the safety needs of existing bicyclists, as well as indicating some of the risks could-
be riders would face. Three of the studies used CrashStats, the road crash data based on
police reports that are relied on by Victorian agencies for road safety reporting and
policy; this data is however heavily biased to crashes involving motor vehicles. Other
studies used additional sources, including hospital data sets, and in-depth sample
surveys, to provide further insights, including bicycle crashes that were not collisions

with motor vehicles.
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Table 2-1 Synthesis of Melbourne data on bicyclist injuries
CrashStats CrashStats | Transport VEMD VAED VSTR VSTR MACCS Bicycle
(Police (Police Accident Hospital Hospital Hospital VOTOR sample of Network
reports) reports) Commission Injuries serious major major seriously member
(2004-08) (2002-12) (TA.C) (Outpatients) injury trauma trauma |r1]ured reports
Claims (2001-06) (2001-06) (2001-06) (2013) riders (2012-
Sample (2011) 2016)
(2012-13)
Number 6,432 14,270 1000 25,920 10,552 298 186 159 2,480
MV involved. 87% 94% 100% 44% 40%
% adults 80% 85% 56% 63% 81% 98%
% males 77% 77% 80% 88% 81% 74%
% on-road 100% 100% 100% 51% 41% 82% 69% 75% 79%
% intersections | 59% 60% 55% 43%
Zone 2 60 kph 66% 65% 67%
Utility riding 22% 33% 27% 30%
Bicyclist only 6.4% 56% 60%
(Boufous et (Garratt et (Nieuwestee (Sikic et al., (Sikic et al., (Sikic et al., (Beck et (Biegler et (Bicycle
al., 2010) al., 2015) g, M 2013) 2009) (4) 2009) (4) 2009) (4) al., al., 2012) (6) Network,
1) 2 3) 2016) 2017) (7)
®)
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Although the findings from these studies have limitations (discussed in the following
sections), useful insights include:

1) Inconsistent crash recording

» motor vehicles were involved in less than half the serious injuries to bicyclists
seen in hospitals; hence CrashStats, which mostly records crashes involving
motor vehicles, gives an incomplete picture (2)(5)(6)(7)

2) Injury severity

* bicyclists with injuries received on-road and from crashes with motor vehicles
involved greater trauma — the hospital data contrasted on and off-road injuries

OO
« the severity of injuries for bicyclists increased in speed zones at and above 60
km/h, suggesting the importance of separating bicyclists from high-speed traffic

(D@)B)
serious injuries were mostly to adults, and there were twice as many riders

injured over 60 years compared to younger adults (1). From 1992 to 2012 there
was a large increase in injuries to older riders (3)

* most serious injuries were to males — but this may reflect that most bicyclists
were male (1)(4)(5)(6)

3) Where injuries occurred

* one-thirds of state-wide claims for in-hospital treatment came from
municipalities in the Inner Melbourne study area, which has less than 1/12th of
the State’s population (3)

+ there were more injuries at intersections than on road sections, and most were at
intersections not controlled by traffic lights, the most common (28.9%) being T
junctions (1); as these crashes were dispersed, they could not have been treated
by traditional ‘black spot’ programs, and point to the need for system-wide
changes

+ only 20% of injuries occurred on paths (7), and as most severe injuries occurred
on streets and highways (not paths), this underlines the importance of separating
bicyclists from fast-moving and heavy motor traffic (4)

4) Crash dynamics

 almost half of the crashes occurred when the riders estimated their speed to be
below 21 km/h, suggesting the importance of infrastructure design standards and
path and surface maintenance for rider safety (7)

» most riders were familiar with the crash site (6)
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+ half the injured riders were unable to take any evasive action to avoid an
impending crash. Other road users contributed to 42% of crashes and debris in
the rider’s path contributed to 18% of crashes (6)

« contributing factors under the rider’s control included: fatigue, speeding,
distraction, riding when unwell, and poor bicycle maintenance (6)

+ only 20% had completed any rider training although most held a driver licence
(6)

« use of bicycle lights, including in daylight, was associated with significantly
lower injury severity (6)

* most riders were engaged in sport or recreation when injured (not riding for
transport) (4)(5)(6)

Key lessons from these studies are that:

« the risk of injury to bicycle riders is much greater than indicated by CrashStats

+ some contributing factors to crashes may be of much greater importance for
bicycle riders than other road users, such as the effect of infrastructure quality
(because of two-wheeled instability), and rider alarm from sharing space with or
in close proximity to other road users (e.g. dogs on paths or adjacent large
vehicles)

* bicycle riders may lack ‘capacity’ to produce safety because of a hostile

environment and may lack knowledge — holding a driver’s license is not enough

Limitations of Melbourne crash studies

The numbers killed are reliably recorded, but a focus on deaths detracts attention from
the larger numbers of people injured, only some of which are recorded. As noted by
Jacobsen et al, for bicyclists, a low number of fatalities is not a sufficient indicator of
traffic safety as compared to motorised road users, bicyclists experience many more
injuries than fatalities (2009). The focus for this thesis is, therefore, on the avoidance of
serious injury; what is called primary safety (Haddon Jr, 1972). A focus on injury
numbers (KSI) however, also deflects attention from consideration of exposure and

policies that influence mode choice.
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The above studies also have significant limitations, as noted by the authors, including
Garrat et al. who said:

it is important to acknowledge that while police data provides one of the

most comprehensive data sources about road user crashes, there are

limitations that need to be considered’ such as the large number of injuries

that are not recorded by police (2015, p. 1)
Biegler et al. noted the recording bias in Crash Stats towards crashes involving motor
vehicles, that neglected many bicycle-only crashes (Biegler et al., 2012). The Police
statistics may cover as few as 5% of injuries experienced by bicyclists (Harman, 2007).
Also, Police statistics do not differentiate between types of bicycling - recreation or
transport - or differences in rider expertise that would aid policy formulation. Hospital
data captures more injuries but is of limited use for road safety analysis as it is primarily
collected to aid treatment of the injured. The reported ‘serious injury’ is not always
representative of the seriousness of injuries to bicyclists. For example, many fractures, a
common outcome of falls by older bicyclists, do not usually require ‘serious’ medical
interventions and are not classified as ‘serious’. However, many of these injuries may
seriously affect the lives of injured bicyclists, requiring months of restricted mobility
and in some cases long term consequences, such as permanently reduced movement and
loss of confidence. The reported ‘serious’ injury statistics also fail to see the relatively
greater significance of ‘minor’ injuries to bicyclists compared to car occupants, who
rarely receive any injuries. The large datasets based on police reports and hospital
admissions also inevitably exclude injured cyclists treated by general practitioners —
for example, for simple fractures — and those treated by first-aid providers.
Additionally, as observed by Aldred (2017), the under-reporting of injuries to bicyclists
conceals the significant social exclusion through fear of injury, that denies many people

the benefits of (safe) bicycling.

In Victoria, countermeasures that have been effective in reducing the small number of

fatal motor vehicle crashes have not achieved reductions in the much larger number of
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injury crashes. Using South Australian data, Wundersitz and Baldock® found that the
underlying difference was that fatal crashes were often the result of extreme driver
behaviours, such as speeding or drunk driving, while many injury crashes were
associated with unintentional road user errors and system failures (2011). The Dutch
Institute for Road Safety Research (SWOV) has also called for new and different
policies and measures that focus on system improvements, compared to the regulatory
and enforcement focus that has contributed to reductions in fatalities (Weijermars et al.,
2013b).

A further issue with the use of detailed injury data like CrashStats to formulate site-
specific road safety measures, such as for ‘black spot’ programs, is that it diverts
attention from the need for system change for bicyclist safety. Also, enforcement
campaigns targeting dangerous behaviour such as speeding and driving when impaired,
while historically successful in reducing deaths to motor vehicle occupants, have proved
ineffective in reducing the number of injuries to bicyclists (Cockfield, 2011; Garratt et
al., 2015; Nieuwesteeg, M., 2013; VicRoads, 2013).

A related policy issue is that research in Melbourne has mostly aimed to reduce the

number and severity of reported injuries involving motor vehicles, by, for example, the
installation of roundabouts, or the legislation for compulsory helmet wearing to reduce
the risk of severe head injuries should a crash or fall occur (Cameron et al., 1994). That

is, the focus has not been on a reduction in the number of all crashes to all road users.

Cycling research in Melbourne (and Australia) has also mostly focused on current
riders, with the safety of on-road sports and commuter cyclists attracting considerable
attention (Beck et al., 2016; Biegler et al., 2012; Garratt et al., 2015; Johnson, 2011).
Rowe (2013), in her PhD thesis on Cycling Participation, defined four types of riders:
organised competitive, organised non-competitive, recreational (self-organised) and

commuting or transport who ride to a specific destination. Differences in injuries to

® The study was based on data from South Australia, but senior Police in Victoria said they believe the
findings also apply to Victoria.
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each group, that could suggest different education and support needs, are lost in the
aggregated CrashStats. The specific needs of potential riders are also neglected.

2.3 Beyond recorded injuries

The number of injuries reported to police for bicyclists greatly understates the number
of injuries to bicyclists. An estimate for Victoria by Harmen (2007) was that 30 times
more injuries were experienced by bicyclists than were recorded by the Police. This
local level of under-reporting is consistent with an international survey by Shinar et al.
(2017) which found that the level of reporting varied by type of crash and road users
involved, ranging from 25% for crashes involving motor vehicles to under 3% for falls
by bicyclists.

Wegman and Aarts (2006) see the construction of safety for drivers, as conceptualised
in Fuller’s (2005) model, as also relevant for bicycle riders. Fuller’s model highlights
the dynamic interaction between travel task demand, road, and traffic condition - which
a rider cannot control; and a rider’s capabilities shaped by variables such as training,
experience, physical and mental condition. Fuller's model captures how safety outcomes
for individuals depend on both external and internal factors, about which riders have
incomplete knowledge and understanding. Untrained or inexperienced bicycle riders are
likely to be oblivious to some risks and the limitations imposed by their skills, such as
riding at excessive speed downhill, passing too close to parked cars, or filtering inside a

turning truck.

A further perspective on ‘risk’ for bicyclists in Australia is provided by Garrard’s
(2011) ‘risk iceberg”’, with the visible peak the recorded fatal and serious injuries, and
the large hidden base representing the fears about collisions, falls, near misses and
harassment experienced. Garrard astutely observed that in contrast to car use, where
perceptions of safety are associated with a high sense of control and high levels of trust
in the protection provided by a car and the road system, bicycle use invokes feelings of

low control and high vulnerability (2011).

A concept also developed by Adams (Adams, 1995).
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Johnson et al. (2008, 2011, 2012) have examined the threats to bicyclists by using the
‘naturalistic’ approach, capturing the in-traffic experience of commuter cyclists via
video cameras attached to the bicyclists' helmets. From an analysis of 127 hours of
video recorded by commuter cyclists in Melbourne, two collisions, six near collisions
and 46 incidents were identified; riders experienced one threatening event for almost
every two hours of riding. The video analysis revealed the significance of near-miss
experiences and the behaviours of both drivers and cyclists that endanger cyclists.
Johnson et al. found that for bicyclists riding in Melbourne, to avoid injury, they must
be constantly vigilant. Riders required 'high situational awareness' to anticipate and
react to driver actions (Johnson et al., 2010). By contrast, surveys by the City of
Copenhagen found that in 2010, 67% of Copenhagers felt safe in traffic (City of
Copenhagen, 2011), and by 2014 the percentage feeling safe had risen to 74% (City of
Copenhagen, 2014a).

The literature reflects two main ways of thinking about safety for bicyclists:

1) objective safety (risk): the rate of injuries, that is the numbers injured related to
travel exposure

2) subjective safety (perceived danger), individual beliefs about the 'danger' of
being injured

The objective risk of the various transport choices in cities is complex and varies with
many factors such as infrastructure and vehicle quality, time of day, routes used, driver
and rider behaviour, as extensively explored by Adams (1995). While objective safety is
important for trauma reduction, subjective safety is important for travel choices. For
could-be transport riders concerns (fear) about safety arise from several sources
including media reports about road trauma to cyclists; and their on-road observations as
drivers, pedestrians, public transport users or as recreational cyclists (Lindsay, 2013;
Nieuwesteeg, M 2013; Pattinson & Whitzman, 2013).

In the middle of the 20" century, psychologist Abraham Maslow identified the
importance, to human behaviour, of perceived safety (1943). Maslow observed that
after the most basic of needs for shelter and food are satisfied, people organise their
lives for 'safety’, and to avoid danger, they rely on what is familiar. The insights from

Maslow for transport are that adults will only use modes that they perceive and have
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experienced as safe and will avoid modes that are new or perceived as dangerous. Sixty
years after Maslow, Stern et al. confirmed that people would only consider modes
perceived to be safe (Stern & Richardson, 2005). Other studies have confirmed that in
travel decisions, fear and feeling vulnerable are avoided (Goodwin, 2008). In city
environments dominated by motor traffic environments, Dutch cycling expert

Godefrooij says ‘safety is the pre-condition for cycling’ (in Agudo, 2014, p. 43).

Perceived safety also varies with context, such as traffic conditions, and between
individuals. The perceived safety of each mode of transport available in a city can, in
part, be inferred from the mode choices revealed by travel surveys; that is low bicycle
use infers many people may perceive bicycling as being too dangerous. While safety is
but one of several subjective factors, such as perceptions about cost and travel time,
which influence mode choice, as bicycling is often the lowest cost and most convenient
mode for short city trips, low use emphasises the overriding importance of perceived
danger as a barrier to bicycling. Prof. Goodwin in the UK, from a synthesis review of
over 2000 research references on changing travel behaviour, found the perception of
vulnerability amongst bicycle owners who rarely rode to be a powerful influence
(2008). By contrast, for people who occasionally rode for transport, mode choice was
influenced more by temporal considerations like prevailing weather (e.g. strong winds)
and practical considerations like the need to be at multiple locations (Heinen et al.,
2010). That is, perceived traffic safety is a threshold consideration for those who could

ride but is of less concern to regular riders.

Horton, (2007), from research in the UK, argues that fear of bicycling is constructed
through:

+ road safety education that emphasises that the vulnerable (cyclists) should act to
avoid danger (rather than governments exerting control to reduce the danger
created by motorists)

* helmet campaigns that play to fear and do not reduce crashes

 statements that roads are too dangerous for cyclists, so cyclists need to be moved
to separate off-road space - rather than making roads safer
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Horton points to the ineffectiveness of measures designed to instil fear and caution in
potential riders when what is needed are controls on motor vehicle numbers, speed, and

size.

The perceived safety of bicycle use compared to other available modes was explored by
Professor Noland from the University of California in a mail survey of 506 commuters
in Philadelphia (1995). Nolan explored the perceived probability of having an
‘accident®” and the likely severity of an injury, ranging from no injuries to death.

Noland found that for bicycle use, compared to other modes, demand was highly elastic,
that is, very sensitive to changes in perceived danger. A small increase in motor traffic
volume or speed could, therefore, significantly reduce the amount of bicycling, or a
perceived improvement, like marked bicycle lanes — which may not objectively improve

safety — may increase bicycling (Noland, 1995).

As noted by Noland (1995), an issue for bicycle riders and decision-makers is that the
perceived danger may be contrary to objective risk. | have diagrammatically represented

the nexus between perceived danger and objective risk in Figure 2-2 below:

8 In this thesis, consistent with ‘Safe System’ thinking, I generally use ‘crash’ rather than ‘accident’
except where original research has used accident.
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Figure 2-2 Infrastructure risk and danger

In practice, objective risk, and perceived danger of infrastructure (or regulations) are not
always congruent, as illustrated above in Figure 2-2. If the road system and road users
are to work together to improve safety, then the system elements need to be designed to
communicate risk accurately, consistent with perception. That is, the worst case for
safety outcomes is an environment that appears safe to riders (low perceived danger) but
proves to be high risk (for example, through faulty design), the ‘red quadrant’ (D) in
Figure 2-2 above. For example, Garrard (2012) found that in Melbourne, on-road
painted bicycle lanes and narrow paths (typically shared with pedestrians) appear to
have encouraged some bicycle use although an earlier study suggested such
infrastructure may not have improved safety (Garrard et al., 2010). An Austroads study

also found that Australian bicycle lanes had no overall effect on objective cycle safety
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as the modest effect of the small lengths of high standard lanes were neutralised by
travel on the larger length of lesser standard lanes (Turner et al., 2012).

If more people are to choose to travel by bicycle in Australia, both objective safety, and
perceptions of danger (the deep fear) need to be tackled (Australian Department of
Infrastructure and Transport, 2012). That is, riders need the ‘green quadrant’ (A)
experience illustrated in Figure 2.2. In Denmark, for example, it has long been
recogn