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CHAPTER 1
INTRODUCTION

Dominique Lord and Simon Washington

ABSTRACT

Purpose — This chapter first provides the motivation for writing this book.
It then describes the challenges involved with assessing societal safety
through the analysis of transport system crashes. It concludes with a sum-
mary of the contents of the remainder of the book, identifying how various
dimensions of the transport system challenges are addressed.

Methodology/Approach — This chapter discusses important real-world
and methodological challenges that practitioners, academics and research-
ers face in making a more sustainable highway system through a reduction
in the number and severity of transport network crashes resulting in fatali-
ties, injuries and property damage.

Findings — The chapter first describes important challenges, such as com-
plexity of the driving task, the challenges of engineering transport systems
for humans, unanticipated effects that arise from differences between driver
safety and security, the co-mingling of mobility modes of travel, and chal-
lenges in evaluating road safety. The chapters are separated into five gen-
eral themes: driver behaviour, the transportation network, vulnerable road
users, methods for understanding and predicting safety performance, and
methods for evaluating safety impacts of countermeasures.
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Practical Implications — Comprehending the challenges associated with
road crashes is a first step in making the roadway system more sustain-
able. This book provides a broad and understandable description of these
challenges and how they can be overcome by academics and practitioners
working in transport network safety management.

Originality — This book presents a clear understanding and offers insights
about the challenges and potential solutions that can be brought to bear to
make a more sustainable and safe transport system, whether it is located
in an urban or rural area, and for a wide variety of functional classifi-
cations and designs. The topics covered in this book are intended to be
useful and applied to tackle transport system management anywhere in
the world.

Keywords: Road crashes; road safety; societal risk; risk management;
transport engineering; driver behaviour; pedestrians; transport
network management; bicyclists

MOTIVATION FOR THE BOOK

Injuries to people and property arising from crashes on road transport net-
works around the world are staggering by any measure. Road crashes result
in 1.33 million deaths annually and 78.2 million non-fatal injuries warranting
medical care (Global Road Safety Facility at the World Bank & the Institute
for Health Metrics and Evaluation, 2014). Road crashes are among the top 10
leading causes of death between the age of 1 and 59 — and exceed those aris-
ing from HIV, tuberculosis and malaria. Pedestrians using the transport net-
work represent 35% of road injury deaths globally. The economic burden of
crashes is astonishing. In the United States alone, for example, road crashes
are estimated to have caused more than US$871 billion in economic loss
and societal harm in 2010 (Blincoe, Miller, Zaloshnja, & Lawrence, 2015).
Globally, it is estimated that 3% of gross domestic product (GDP) is lost
to road crashes (fatal and non-fatal) and can be as high as 5% for low- and
middle-income countries (WHO, 2015). Finally, road crashes have increased
by 46% over the most recent two decades, highlighting the growing impor-
tance of the global road safety problem, reflecting in part increased mobility
in developing countries and emphasising the importance of doubling down
to tackle the problem (Global Road Safety Facility at the World Bank and the
Institute for Health Metrics and Evaluation, 2014).
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As a result of the health burden on global societies, significant questions
arise about the sustainability of transport networks as they are currently
built, operated and managed. This book is devoted to presenting a thorough
review of what is currently known about global road safety and is authored by
invited road safety experts from around the world with expertise in their tar-
geted chapters. The intent of the book is to provide a broad, yet detailed ref-
erence that presents state-of-the-practice guidance regarding both academic
and practical knowledge in transport network safety. The book is intended
to be used by practitioners, academics, researchers and students interested in
transport system safety. The hopeful and intended outcome of the book is to
increase the level of knowledge on road safety contexts, issues and challenges;
share what can currently be done to address the variety of issues; and under-
stand what needs to be done to make further gains in road safety.

CHALLENGES IN REDUCING ROAD CRASHES

Improving road safety, or reducing the number of injuries and fatalities that
arise during the pursuit of mobility on the transport network, is an enor-
mous challenge. There is a large number of reasons why practitioners and
academics struggle to reduce the negative societal impacts of road crashes.
These challenges include the complexity of the driving task, the challenges
of engineering transport systems for humans, the unanticipated effects that
arise from differences between driver safety and security, the co-mingling of
mobility modes of travel, and challenges in evaluating road safety. While all
of these challenges are briefly discussed below with the intent to provide an
introduction to these topics, additional detail is provided in the relevant chap-
ters within the book.

Complexity of Driving Tusk

Driving is a phenomenally complex task. Driving requires that we are not
impaired in any way, that we employ the use of all of our senses, that atten-
tion is paid at precisely all of the key moments, that we accurately predict
what those around us are intending to do, and we possess sufficient coordina-
tion and manual dexterity leading to appropriate driving inputs. It requires
us to continually monitor an extremely large number of inputs and not be
distracted by things that may be unhelpful to the driving task. It requires
us to appropriately manage the effect of our moods while driving, and to
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responsibly manage the use of prescription drugs, alcohol and illegal drugs.
Because driving demands are proportionate to the complexity of the driving
environment, drivers are not required to provide constant vigilance — leading
to a requirement for drivers to correctly anticipate when cognitive loads and
subsequent driving inputs are relatively high or low. Different segments of
the network also require different levels of skills and vigilance. High-speed
highways are very different than parking lots, while urban city driving is dif-
ferent than driving near to schools. Driving also requires constant monitor-
ing and prediction of the behaviour of other drivers, pedestrians and cyclists.
Considering the routine activities of life, driving is very likely to be the most
complex activity undertaken by the majority of people on a regular basis.

Engineering Transport Systems for Humans

A high level of safety is not the only attribute of a transport system that engi-
neers strive to deliver through design. Transport systems are also designed
to deliver efficient throughput, minimise congestion, support multiple users,
link multiple modes of travel, provide equity of mobility and link impor-
tant transport destinations. Designing all elements of these systems to be
as safe as possible while simultaneously delivering other performance indi-
cators often places road designers into difficult trade-off decision contexts
regarding safety. As an example, providing efficient access for pedestrians and
cyclists on transport networks is likely to put more cyclists and pedestrians
at risk of conflict with motor vehicles. Similarly, providing high-speed travel
on high-capacity roads increases the risk of injury and death when crashes
occur. These trade-offs in transport network design cannot be ignored, as
they govern the context of decision making with regard to major transport
investments.

Differences between Driver Safety and Security

How drivers interpret and assess crash risk is complex, with large variability in
driver responses to the designed road network. One driver may perceive crash
risk as low while driving at night, maintaining posted speeds, while another
driver may assess crash risk as high and select much lower driving speeds.
Some drivers feel secure (with respect to risk assessment) following other
drivers according to a 1-second time headway, while others feel secure driving
with 2-second headways. When encountering reduced visibility, some drivers
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may slow their speeds significantly, while others may only slightly adapt their
driving to the changed conditions. These differences in driver responses to
risk have been noted in a large number of observational and simulator studies
and create challenges in the smooth operation of transport networks.

Co-Mingling of Mobility Modes

Transport systems are meant to serve a variety of users, including pedestrians,
cyclists, motorists, motorcyclists and public transport users. The crash risk of
these user groups varies drastically across the network and network design
features. Fundamentally, pedestrians and cyclists lack the safety features that
adorn modern vehicles. Safety features like airbags, dynamic stability control,
anti-lock brakes and safety restraints work collectively and aggressively to
protect motor vehicle occupants in crashes, yet do little to protect pedestrians
and cyclists. The newest vehicles are designed to minimise injury risk with
pedestrians, whilst some vehicles have pedestrian and cyclist warning detec-
tors built into their systems. By and large, however, most vehicles on the road
do little to assist in the protection of the transport system’s vulnerable road
users and are formidable obstacles when collisions do occur.

Challenges in Evaluating Road Safety

While operating transport systems safely is difficult enough, conducting rig-
orous scientific studies to quantify and understand crash risk in the transport
network is fraught with challenges. The following partial list highlights some
of the many challenges confronting the evaluation of road safety:

1. Road crashes are relatively rare events with respect to how much time is
spent driving. In essence, this rarity translates to a difficulty in establishing
crash trends that are reliable. Moreover, crash causes are quite varied and
thus further compound the difficulty in establishing recognisable trends.

2. Itis difficult to determine the actual causes of crashes. While most crashes
will have a ‘critical event’ that triggers a sequence of events, it is often dif-
ficult to identify the ‘trigger’ and all of the essential events that followed.
Without a reliable explanation of crash causes available at the ‘scene of
the crash’, most of the conclusions drawn are extracted from statistical
analysis of readily available site and driver features, which may or may not
be directly related to a crash cause.
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3. Road crashes are predominately caused by driver errors, which may inap-
propriately be attributed to roadway features upon subsequent analysis. It
is estimated that about 93% of road crashes are caused by human error in
part or in total (NHTSA 2008). Conversely, a crash where the primary trig-
ger was inattention by inappropriately be attributed to a roadway design
feature, as the inattention status of a driver is likely to be unavailable.

4. Because crashes are rare and analysts rely on detecting reliable trends
to make safety recommendations, data are often aggregated and as such
lose the resolution necessary to capture crash-specific conditions. Average
annual daily traffic, for example, is often used to capture exposure to risk
but rarely is indicative of the conditions at the actual times of crashes.

5. Evaluation studies aimed at assessing the impact on road safety before and
after treatment are threatened by the lack of experimental control on the
myriad of factors that can affect road crashes.

6. Simulator studies, while extremely useful for establishing relative risk (i.e.,
task A is riskier than task B), are notoriously difficult for establishing
absolute risk. Moreover, there is not a straightforward method or theoreti-
cal underpinning for translating simulator risk to actual driving crash risk.

7. Crash surrogate measures that measure crash ‘precursor’ events, such as
near-misses, are extremely promising tools for evaluating road safety, but
are in their infancy in terms of relating crash surrogates to actual crash
risk, are sometimes difficult to measure, and are likely to not be generaliza-
ble across countries, states and regions — and thus require local calibration.

8. Real-time crash prediction, with the aim of taking a proactive and immedi-
ate response to crash mitigation, struggles with the establishment of theo-
retical relationships between crash risk and microscopic traffic conditions.
Moreover, while real-time prediction may become reliable in predicting
conditions ‘ideal’ for crashes to occur, the methods suffer from high false-
positive rates. The consequence of having many false positives is losing the
confidence of the motoring public in assisting to mitigate traffic risk.

STRUCTURE OF THE BOOK

Chapters are grouped into both human behaviour and engineering design
aspects of transport network operation, and road crash evaluation method-
ologies. All chapters aim to provide current state-of-the-practice knowledge
on several questions: what do we know, what do we not know, and how we are
going to find out? The chapters are grouped under five general themes: driver
behaviour, the transportation networks, vulnerable road users, methods for
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understanding and predicting safety performance, and methods for evaluat-
ing safety impacts of countermeasures.

Because the transport network is an engineered facility that relies on the
diligent, consistent behaviour of pedestrians, cyclists and people operating
motor vehicles (e.g., cars, motorcycles, buses, commercial vehicles, etc.), there
are predictable and often undesirable behaviours that contribute to the road
toll. Some of the behaviours are intentional, while others are unintended but
are often equally risky. The transport systems we build also influence behav-
iour and safety performance. Some portions of the network are easier to
navigate safely compared to others, and much is known about the traffic and
design influences of the network on safety. The chapters that constitute the
remainder of this book are organised as follows.

Opening the theme on driver behaviour, Chapter 2 discusses the role of driver
licensing on motor vehicle crashes, covering a variety of topics, including grad-
uated driver licensing programs, the role of parents in licensing, compliance
and enforcement of licensing, driver testing and unlicensed driving. Graduated
driver licensing programs have been shown to be effective, unlike many other
driver training programs. Best practice in graduated driver licensing can assist
in mitigating the risk of the young and inexperienced driving cohort.

Chapter 3 examines the role of aggressive driving and speeding in motor
vehicle crashes, and the role that speeding-related crashes play in the global
crash picture. How public attitudes, personal behaviours, vehicle perfor-
mance, roadway design and laws and policies influence speeding and speed-
related crashes are also discussed. Solutions to aggressive driving may include
practical enforcement, intentional speed-related roadway design elements,
education campaigns and automated driving.

Chapter 4 examines the role of driver distraction in motor vehicle crashes.
Driver distraction may lead to reduced driving performance, detracting from
the essential driving task and leading to increased crash risk. Empirical
research supports the risk associated with some types of distraction — such as
mobile phone use whilst driving that is rampant in many parts of the world —
requiring an improved understanding of distraction. The links between
distraction research and crashes are sparse and require further research.
Solutions to distraction offering promise may include the use of technology,
driver licensing, and education and training.

On the transport network theme, Chapter 5 presents the evidence around
the safety performance of suburban and urban arterial roads — where a large
proportion of motor vehicle crashes occur. Traffic characteristics and design
features affect the performance of these facilities. While some of the features
have known effects, others are inconsistent and are counter-intuitive.
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Chapter 6 presents the collective knowledge around controlled access,
typically high-speed facilities. While these facilities typically enjoy the highest
design-standards of all roads, and also are typically prohibited from use by
pedestrians and cyclists, crashes on these facilities tend to be severe.

Rural and urban intersection crashes are described in Chapter 7. The
factors contributing to crashes at these locations are diverse and complex.
Despite a large number of quantitative studies looking at these network loca-
tions, some factors reveal inconsistent effects on safety. Engineering design
treatments need to be examined holistically to understand potential unin-
tended effects and should be designed to satisfy Pareto improvement social
equity criterion.

Chapter 8 focuses on the safety performance of roundabouts, which offer
operational and environmental advantages, but may pose challenges to dif-
ferent road users. Specific features of roundabouts are very important in
determining the way they operate, particularly with respect to pedestrian and
cyclist safety.

Chapter 9 focuses on progress and issues remaining with real-time traffic
operations and safety. The chapter focuses on the methods used to make sense
of real-time traffic operations as they relate to safety, the limitations on data
sources for implementing such programs and issues of inter-jurisdictional
transferability.

Pedestrians, accounting for 35% of persons killed on transport networks
globally, are the topic of Chapter 10, which opens the theme on vulnerable
road users. Sidewalks are needed on all arterials and collector roads with
pedestrian traffic greater than 50 per day to achieve acceptable levels of road
safety. Elderly pedestrians require lows speeds and narrow streets to cross
safely. Posted speeds yielding 90% speeds of no more than 30 km/h are a tar-
get for pedestrian-friendly and safe environments. While pedestrian travel is
highly desirable from health liveability perspectives, we need to design more
conducive and safe environments for pedestrians.

Another vulnerable road-user group is cyclists, the topic of Chapter 11.
While cycling offers a sustainable and affordable solution for fulfilling mobil-
ity needs it poses some challenges with respect to safety — particularly when
mixed with motor vehicle traffic. A variety of cycling infrastructure treat-
ments are shown to be effective in improving cycling safety, including both
on-road and off-road treatments. Getting the infrastructure right is critical
for increasing cycling participation rates.

Chapter 12 is the first chapter to focus on crash evaluation methodologies.
Cross-sectional data based on information gleaned from crash reports form
the basis of many safety studies and require careful guidance on how these
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data should be analysed. Commonly applied methods are presented in this
chapter, along with important data features that represent more pesky yet
important features of cross-sectional crash data analysis.

Time-series methods for assessing crash data are presented in Chapter 13.
Because crashes are often observed over time, and safety investments often
take time to accrue benefits, time-series methods can be extremely useful.
While much of the book is focused on road safety, air travel as a transport
mode is also of significant importance with respect to risk management.
Examples in air safety are provided in this chapter to illustrate the state-of-
the-practice techniques in time-series methods applied to assess crashes.

Because crashes are rare events, crash data often are characterised by
many zeroes (lots of sites observed in a sample record zero crashes during
the observation period). Characterising these data well is important to draw
correct inferences from the data. Chapter 14 describes the most current think-
ing around dealing with these challenging crash datasets, and recommends
methods for making sense of crashes from datasets with many zero responses.

Crash severity is an important characteristic of crashes. Because crash
severity is the most accurate indicator of the societal harm caused by road
crashes, methods designed to model and understand crash severity are dis-
cussed in Chapter 15. Data limitations hinder the ability to undertake large
and accurate severity analyses. Several different methods explained in this
chapter are useful for modelling and understanding what transport network
features are related to road crash severity.

Chapter 16 presents the underpinnings of transport network screening, or
safety management practice. This practice involves a large number of assump-
tions and makes significant use of crash modelling discussed in Chapters 12,
14 and 17. A variety of methodologies have been used over the years, with the
Empirical Bayes method for identifying hot spots the most reliable.

Surrogate measures of safety are discussed in Chapter 17. Surrogate meas-
ures of safety are a rapidly growing subfield in transport safety. The funda-
mental dilemma of needing to wait for crashes to occur to gain information
about how to prevent them is a primary motivator for developing this sub-
field of research. Identifying the pre-crash movements of vehicles (and other
vehicles, pedestrians, cyclists, etc.) that relate to crashes that are expected to
eventuate is the goal of this approach. Much of the current work in this area
is described, along with where this subfield is headed.

In the last theme related to the safety impacts of countermeasures,
Chapter 18 focuses on before—-after safety evaluations. These types of inves-
tigations are thought to be the most reliable of all safety investigations, yet
remain fraught with challenges. The chapter outlines the methods used to
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conduct these studies, and identifies the salient features of these studies and
solutions to overcome their technical difficulties.

Chapter 19 concludes the book, appropriately, with an overview of
meta-analytic methods. These methods are used to make sense of a body
of research — capitalising on the enormous resources that have already been
invested to study a particular safety feature or problem. It presents the meth-
odologies used to compile, assess and make sense of a sample of studies with
varied findings across the studies. Because the overall sample size grows with
multiple studies, there can be significant benefit in pooling the results to draw
meaningful safety conclusions. This chapter provides a roadmap for conduct-
ing such studies in a rigorous way.

Overall, this book offers students, practitioners, academics and research-
ers both an in-depth and broad understanding of the issues and challenges
related to road crashes and provides solutions that can be used to overcome
these limitations in order to promote a more sustainable transport system by
reducing the number and severity of road crashes.

REFERENCES

Blincoe, L., Miller, T. D., Zaloshnja, E., & Lawrence, B. A. (2015). The economic and societal impact
of motor vehicle crashes, 2010 (Revised). Technical Report DOT HS 812 013. U.S. Department
of Transportation, National Highway Traffic Safety Administration, Washington, DC.

Global Road Safety Facility at the World Bank & the Institute for Health Metrics and Evaluation.
(2014). Transport for health: The global burden of disease from motorized transport. Seattle,
WA; Washington, D.C.: IHME. Retrieved from http=://documents.worldbank.org/curated/
en/984261468327002120/pd{/863040IHME0T4HOOR LDOBANK Ocompressed.pdf

NHTSA (2008). National motor vehicle crash causation survey: Report to Congress. Report
DOT HS 811 059. U.S. Department of Transportation, National Highway Traffic Safety
Administration, Washington, DC.

WHO (2015). Global status report on road safety 2015. Geneva, Switzerland: World Health
Organization, WHOPress. Retrieved fromhttp://www.who.int/violence_injury_prevention/
road_safety_status/2015/en/



	Safe Mobility: Challenges, Methodology and Solutions 
	For Dominique Lord:
	For Simon Washington:
	Contents
	List of Tables
	List of FIGURES
	Editorial Board
	LIST OF CONTRIBUTORS
	Acknowledgements
	Chapter 1: Introduction
	Motivation for the Book
	Challenges in Reducing Road Crashes
	Complexity of Driving Task
	Engineering Transport Systems for Humans
	Differences between Driver Safety and Security
	Co-Mingling of Mobility Modes
	Challenges in Evaluating Road Safety

	Structure of the Book
	References

	Driver Behaviour:Challenges and Solutions
	Chapter 2: Driver Education and Licensing Programs 
	INTRODUCTION
	DRIVER LICENSING
	Novice Driver Licensing
	Minimum Driver Licensing Age
	Graduated Driver Licensing
	Provisional or Intermediate Licence
	Role of Parents
	Compliance and Enforcement
	Driver Testing
	Monitoring the Impact of Driver Licensing Changes on Unlicensed Driving

	ROLE OF DRIVER EDUCATION
	Pre-Licence Training
	School-Based Driver Training
	Resilience Training
	Post-Licence Education
	Procedural Skills Training
	Hazard Perception Skills Training and Education
	Insight Training

	USE OF SIMULATORS IN LICENSING AND EDUCATION
	Education
	Driver Testing

	FUTURE DIRECTIONS
	CONCLUSIONS
	REFERENCES

	Chapter 3: Aggressive Driving and Speeding
	Introduction
	What Is Aggressive Driving?
	Who Drives Aggressively Most Often?

	The Role of Speeding
	Speeding’s Ties to Demographic Attributes and Driving Contexts
	The Role of Gender
	Driving Under the Influence

	Opportunities for Moderating Aggressive Driving and Managing Speed
	Driver Education
	Engineering: Roadway and Vehicle Design
	Further Suggestions
	Example Applications of Anti-Aggressive Driving Strategies

	Conclusions
	NOTE
	ACKNOWLEDGEMENTS
	References

	Chapter 4: Driver Distraction  and Inattention
	Introduction
	Definitions and Theories of Driver Inattention and Distraction
	Theories of Driver Distraction and Inattention

	Sources of Distraction
	Case Study: Distraction from Billboards and Roadside Advertising

	Moderators of Driver Distraction
	Driver Characteristics
	Driving Task Demand
	Secondary Task Demand
	Self-regulation

	Driver Distraction, Driving Performance and Safety
	Driver Distraction in Highly Automated Vehicles
	Countermeasures and Mitigation of Driver Distraction
	Education and Training
	An Ergonomically Designed Human–Machine Interface
	Other Countermeasures

	Conclusions
	References


	Transport Network: Challenges and Solutions
	Chapter 5: Urban and Suburban Arterials
	INTRODUCTION
	MEASURING CRASH RISK ON URBAN AND SUBURBAN ARTERIALS
	FACTORS KNOWN TO INFLUENCE CRASH RISK ON URBAN AND SUBURBAN ARTERIALS
	Traffic Volume
	Access and Intersection Density
	Speed
	Lane Width

	METHODOLOGICAL APPROACHES USEDTO EVALUATE ROAD SAFETY ON URBAN AND SUBURBAN ARTERIALS
	STRATEGIES FOR IMPROVING ROAD SAFETY ON URBAN AND SUBURBAN ARTERIALS
	Access Management
	Traffic Calming Strategies
	Treatments for Pedestrians and Cyclists
	Other Measures
	Sustainable Safety

	SYNTHESIS AND CONCLUSIONS
	REFERENCES

	Chapter 6: Controlled Access Facilities (Freeways)
	Introduction
	Design and Speed Consistency on Freeways
	Roadside Safety
	Human Factors: Concepts to Improve Safety on Existing Freeways
	ITS and Freeway Safety
	Safety Assessment of Freeway Networks
	Future Research Directions in 
Freeway Safety
	References

	Chapter 7: Rural and Urban Intersections
	Introduction
	Intersection Crash Analysis
	Intersection Crash Likelihood or Frequency
	Urban Intersection Crash Likelihood and Frequency
	Rural Intersection Crash Likelihood and Frequency

	Intersection Crash Severity
	Urban Intersection Crash Severity
	Rural Intersection Crash Severity

	Discussion
	References

	Chapter 8: Roundabouts
	Introduction
	Warrant Criteria
	Design Process
	Roundabouts Classification
	Mini-Roundabouts
	Single-Lane Roundabouts
	Multi-Lane Roundabouts
	Turbo-Roundabouts
	Double-Roundabouts

	Geometric Design
	Central Island
	Entry Width
	Entry Radius
	Entry Angle
	Circulatory Roadway Width
	Exit Width
	Exit Radius

	Performance Checks
	Speed Control
	Radius of Deflection
	Entry Path Radius
	Deviation Angle
	Sight Distance

	Facilities for Pedestrians and Cyclists
	Pedestrians
	Cyclists

	Traffic Control Devices
	Conclusions
	NOTES
	References

	Chapter 9: Real-Time Traffic Safety and Operation
	Introduction
	Data
	Real-Time Traffic Data
	Crash Data
	Geometric and Weather Data
	Data Processing
	Data Aggregation and Combination
	Non-Crash Case Selection


	Modelling Methods
	Findings
	Applications
	Future Studies
	ACKNOWLEDGEMENTS
	References


	Vulnerable Road Users: Challenges and Solutions
	Chapter 10: Providing for Pedestrians
	Introduction
	Benefits of Walking
	Measurement of Safety
	User Groups

	Pedestrian Facilities Along Roadways
	Pedestrian Facilities Across Roadways
	How to Achieve Low Speeds
	Speeds and Safety
	Making Pedestrians Noticed
	Prioritising Pedestrians

	Intelligent Transportation Systems
	Conclusions
	References

	Chapter 11: Providing for Bicyclists
	Introduction
	Hierarchy of Options in Providing for Bicyclists
	On-Road Cycling Infrastructure
	Marked Bicycle Lanes
	Intersections: Careful Planning

	Off-Road Cycling Infrastructure
	Shared Bicycle Paths
	Cycling on the Footpath

	Directional Signage
	End-of-Trip Facilities
	Bikeshare Programs
	Conclusions
	References


	Methods for Understanding and Predicting Safety Performance
	Chapter 12: Cross-Sectional Modelling
	INTRODUCTION
	ANALYSIS OF CRASH-FREQUENCY DATA
	ANALYSIS OF CRASH-INJURY SEVERITY DATA
	UNOBSERVED HETEROGENEITY
	SPATIAL AND TEMPORAL CONSIDERATIONS IN CROSS-SECTIONAL DATA
	EXPLICITLY ADDRESSING TEMPORAL CONSIDERATIONS IN CROSS-SECTIONALCRASH DATA
	OTHER MODEL ESTIMATION CONCERNS
	Correlation of Observations
	Irrelevant Variables
	Non-Linearities
	Multicollinearity
	Selectivity-bias/Endogeneity
	Under-reporting of Crashes with Less Severe Injuries
	Choice of Methodological Approach

	SUMMARY
	REFERENCES

	Chapter 13: Time-Series Regression Models for Analysing Transport Safety Data
	Introduction
	Time-Series Regression Models and Their Applications in Safe Mobility
	Time-Series Regression Models: Recent Developments
	Poisson Autoregressive Model
	NBINGARCH Models
	GLARMA Models

	An Application of the GLARMA Model to Airspace Safety
	Conclusions
	NOTE
	References

	Chapter 14: Safety Prediction with Datasets Characterised with Excess Zero Responses and Long Tails
	Introduction
	Crash Data Characteristics
	Over-Dispersion and Excess Zero Responses
	Spatial and Time Scales
	Under-Reporting of Crashes
	Sites Characterised by Low Exposure and High Risk
	Important Omitted Variables

	Effects of Excess Zero Responses and 
Long Tails
	Multi-Parameter Models
	The Negative Binomial–Lindley Model
	The Negative Binomial–Generalised Exponential Model
	The Negative Binomial–Crack Model

	Application of Multi-Parameter Models
	Comparing Distributions: An Example
	Comparing Models: An Example

	Summary and Further Research Needs
	References

	Chapter 15: Crash Severity Methods
	Introduction
	Defining Crash Severity
	KABCO
	Abbreviated Injury Scale
	Vehicle Damage

	Factors Associated with Crash Severity
	Haddon Matrix
	Human Factors
	Vehicle/Equipment Factors
	Environmental and Road Factors

	Modelling Crash Severity
	Ordered Versus Un-Ordered Severity Outcomes
	Ordered Outcome Models
	Nominal Outcome Models
	Alternative Model Formulations
	Other Issues

	Modelling Examples
	Example 1
	Example 2

	Summary and Conclusions
	ACKNOWLEDGEMENTS
	References

	Chapter 16: Detecting High-Risk Accident Locations
	Introduction
	What are Blackspots?
	State of the Practice in BSI
	Overview of BSI Approaches
	Naïve Classical Approaches
	Safety Performance Functions
	Empirical Bayesian Approach
	Severity-Based Approaches
	Accounting for Unobserved Spatial Effects
	Continuous Risk Profile Approach

	Evaluation Criteria
	False Identification Test
	Site Consistency Test
	Method Consistency Test
	Total Rank Differences Test
	Poisson Mean Differences Test

	Research Gaps and Likely Future Directions
	NOTE
	References

	Chapter 17: Surrogate Measures of Safety
	Introduction
	Historical Perspective of Traffic Conflicts
	Aetiology of Traffic Conflicts and Crashes
	Measures of Crash Proximity
	Observing Traffic Conflicts
	The Conflict–Collision Relationship
	Speed Selection and Other Behavioural Measures
	Computer Simulation of Safety
	Conclusions
	References


	Methods for Evaluating Safety Impacts of Countermeasures

	Chapter 18: Before–After Evaluations
	INTRODUCTION
	CONTEXT
	Purpose of Before–After Evaluations
	Before–After Evaluations in the Context of otherTypes of Observational Studies

	THE GOLD STANDARD – EMPIRICAL BAYESBEFORE–AFTER EVALUATION
	Overview
	Mathematics Essentials
	A Detailed Example

	VARIATION FROM THE GOLD STANDARD
	Comparison Group Study
	Full Bayes Approach

	KEY ISSUES AFFECTING THE ROBUSTNESS OF BEFORE–AFTER EVALUATIONS
	Treatment Group Sample
	Reference/Comparison Group Sample
	Assessing Similarity in Trends
	Assessing Similarity in Characteristics
	Separating Treatment and Reference/Comparison Sites – Recognising the Potential for Potential Reference Sites to be Affected by the Treatment

	CONCLUSIONS
	REFERENCES

	Chapter 19: Meta-Analytic Methods
	Introduction
	What is a Meta-Analysis?
	Why Perform a Meta-Analysis?
	Preparing for a Meta-Analysis
	Exploratory Meta-Analysis
	Main Analysis
	Sensitivity Analysis
	Controversies, Pitfalls, Research Needs
	References


	Summary and Conclusions
	Chapter 20: Conclusions and Future Directions
	Challenges Confronting the Profession
	Significant Research Opportunities 
Moving Forward
	Surrogate Measures of Road Safety
	Driverless Vehicles
	Naturalistic Driving Experiments and Data
	Reshaping of Cities
	Rapid Growth in Mobility in Developing Countries



	Index



