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ARTICLE INFO ABSTRACT

Keywords: Over the past decade in Melbourne the popularity of cycling has increased both as a mode of transport and a
Pedestrians recreational activity, while at the same time walking has consistently been the most prevalent form of physical
Cyclists activity. Increasing levels of active transport use and physical activity are seen as important public health issues,

Road safety particularly as the rate of urbanisation continues to grow throughout the world.

To date there has been limited research conducted in Australia looking at the prevalence of pedestrian injuries
resulting from collisions with cyclists. However there is a potential for the issues surrounding pedestrian and
cyclist conflict to increase, given the growing uptake of these modes of transport, the continued densification of
the urban environment and the lack of cycling specific infrastructure in many Australian capital cities. This study
investigated the prevalence of pedestrian injuries resulting from collisions with cyclists in Melbourne, Australia.
The intention was to quantify the extent of these collisions and identify if the rate of collisions was increasing,
which may highlight a growing road safety issue. Furthermore the study sought to identify any unique char-
acteristic and injury outcomes associated with this collision type.

Aggregate analyses of two Victorian data sources were undertaken to enhance our understanding of pedes-
trian injuries resulting from collisions with cyclists, the Victorian Injury Surveillance Unit (VISU) and Victorian
Police Report Crash Data (Crash Stats).

The analysis demonstrated that over the past ten years there does not appear to have been a substantial
increase in the number of pedestrian injuries resulting from collisions with cyclists. Furthermore the prevalence
of injuries was small, especially when compared to injuries sustained by pedestrians from collisions with motor
vehicles. The findings highlight that efforts to increase active transport participation should be encouraged and
there may be situations where is it suitable to increase interaction and sharing of space between pedestrians and

cyclists.

1. Introduction

Over the past decade in Melbourne, Australia the popularity of cy-
cling has increased both as a mode of transport and a recreational ac-
tivity (Stevenson et al., 2015). Recent findings from the Australian
National Cycling Participation survey estimate that 15.5% of Aus-
tralian’s ride a bicycle in a typical week. With the highest levels of
participation amongst children (Australian Bicycle Council, 2017). At
the same time walking has consistently been the most prevalent form of
physical activity (VicHealth, 2016).

Increasing levels of active transport use and physical activity are
seen as important public health issues (Stevenson et al., 2016). The
benefits from increased participation in active transport are well
documented and include a range of social, economic and environmental
benefits (Garrard 2009a,b; Salmon et al. 2000). These benefits will
become increasingly important, particularly as the rate of urbanisation
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continues to grow throughout the world (WHO, 2007).

Current estimates suggest that over 50% of the world’s population
now live within urban areas. Furthermore it is forecast that by 2030 this
will increase to 60% of the world’s population, which will further rise to
70% by 2050 (United Nations, 2016). These trends are reflected in
Melbourne, where 4.5 million residents currently live in the me-
tropolitan region and forecasts suggest that the population will grow to
7.5 million residents by 2051 (State Government of Victoria, 2014).
While there are many benefits associated with increased urbanisation it
is also resulting in cities that are becoming increasingly congested and
constrained for space, particularly for additional and improved trans-
portation infrastructure (Stevenson et al., 2016). These factors lead to
difficulties accommodating vulnerable road users within the existing
road network (Schramm and Rakotonirainy, 2009).

In line with Safe System principles, it is recognised that there are
often competing priorities between transport modes and land use.
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Cyclists cannot always safely interact with motor vehicle traffic, par-
ticularly in high speed road environments, such as arterial roads
(Stevenson et al., 2015). Likewise, pedestrians require a separated
space from motor vehicle traffic, and there is a need to ensure that safe
walking and cycling infrastructure are provided for vulnerable road
users to facilitate modal shift (O’Hern and Oxley, 2015; Stevenson et al.,
2016).

In environments where there is insufficient space for on-road cy-
cling facilities, shared path facilities are often recommended (Grzebieta
et al., 2011). While shared path facilities provide segregation between
cyclists and motor vehicle traffic, they require pedestrians and cyclists
to interact within the same space (Grzebieta et al., 2011). Shared path
facilities have been shown to reduce the risk of cyclist injuries, however
there is a concern that the burden of injury may be transferred from
cyclists to pedestrians when these facilities are installed (Grzebieta
et al., 2011). Similarly, evidence suggests that some adult cyclists, in
Australia, choose to ride on footpaths, instead of riding on the road
(Haworth and Schramm, 2011). Road rules regarding cycling on foot-
paths vary by state in Australia. However, in many jurisdictions this is
against the law, where generally adult cyclists can only ride on the
footpath if they are accompanying a child below the age of twelve
(Haworth and Schramm, 2011) or they are transporting a child using a
child bicycle seat or trailer (Oxley et al., 2016). Despite there being
limited evidence of injury risk associated with riding on footpaths or
shared path facilities (Haworth and Schramm, 2011), anecdotally there
is a suggestion that providing shared path facilities increases risk for
pedestrians, primarily due to the speed differential between cyclist and
pedestrians, and there have been a small number of instances that have
received media attention where cyclists have struck pedestrians while
riding on footpaths.

To date there has been limited research conducted worldwide ex-
amining the prevalence of pedestrian injuries resulting from collisions
with cyclists. However there is a potential for the issues surrounding
pedestrian and cyclist conflict to increase, given the growing uptake of
these modes of transport, the continued densification of the urban areas
and the lack of cycling specific infrastructure in many urban environ-
ments internationally. This study, therefore, aims to quantify the pre-
valence of pedestrian injuries resulting from collisions with cyclists in
Melbourne, Australia, identify any unique characteristic and injury
outcomes associated with these collisions.

2. Method

Analyses of two Victorian data sources were undertaken to enhance
our understanding of pedestrian injuries resulting from collisions with
cyclists, the Victorian Injury Surveillance Unit (VISU) and Victorian
Police Report Crash Data (Crash Stats).

The VISU holds hospital-treated injury data at two levels of severity:
hospital admissions and Emergency Department (ED) presentations. De-
identified unit record files are provided to VISU by the Department of
Health. The VISU dataset includes both the Victorian Admitted Episodes
Dataset (VAED) and the Victorian Emergency Minimum Dataset
(VEMD). The VAED records all hospital admissions in public and pri-
vate hospitals in the state of Victoria and the VEMD records all pre-
sentations to Victorian public hospitals with 24-h emergency depart-
ments (excluding patients who are subsequently admitted to hospital).
VISU data was analysed for the most recent ten year period available,
July 1st, 2006 to June 30th, 2016.

The VEMD is an ongoing surveillance dataset of injury presentations
to 39 Victorian public hospital emergency departments. The VEMD data
is collected in accordance with National Minimum Data Standards for
injury surveillance. While data is not coded using the ICD-10-AM
system, the code set in the VEMD is similar and comparable. Cases
recorded in the VEMD were extracted if the injury cause code related to
pedestrians and the cases were coded as non-intentional harm. The
description of event text variable was manually checked to ensure cases
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were relevant, cases were limited to incidents, that is return visits and
pre-arranged admissions were excluded.

For cases in the VAED, the International Statistical Classification of
Diseases and Related Health Problems, Tenth Revision, Australian
Modification external cause codes were used to extract data (ICD-10-
AM) (ACCD, 2017). ICD-10-AM consists of a tabular list of diseases and
accompanying index. Cases were extracted from the VAED that had an
external cause code was a pedestrian injured in collision with cycle
(V010, VO11 or V019), where the principal diagnosis was a community
injury (S00-T75 or T79) and the injury was the result of “Non-inten-
tional harm”. Admissions as a result of transfer from another hospital or
due to a statistical separation from the same hospital have been ex-
cluded. All admitted cases identified using this method were examined
for further injury details.

To complement the hospital data, pedestrian injuries due to colli-
sions with cyclists were collected within the Victorian Police reported
crash dataset. The dataset provides a means for identifying trends in
crashes, however, it is important to note that the dataset only records
Police reported injuries and that many minor injury collisions or events
are not reported to Police or do not require Police attendance. The
police reported dataset includes many variables related to the crash
characteristics not included in hospital-treated injury data, as such it
provides useful insight into the circumstances surrounding pedestrian
collisions with cyclists. Analysis of the database was undertaken for the
same time period of July 1st, 2006 to June 30th, 2016. It is noted that
many of the police reported cases would also appear in the hospital
dataset. However due to the de-identified nature of the hospital data,
matching cases was considered beyond the scope of this investigation.

Aggregate analyses were undertaken, focusing on descriptive sta-
tistics (mean (M) and standard deviation (SD)) frequencies and cross-
tabulations, and Pearson’s chi-squared tests (%) with post-hoc testing
of standardised residuals utilised to identify associations between
variables of interest, effect size was assessed using Cramer’s V statistic
() Relative risk (RR) and confidence intervals (CI) were considered
when comparing population adjusted incident rates with the population
for each sub-group taken as the denominator. Population estimates
were sourced from the Australian Bureau of Statistics regional popu-
lation growth report (ABS, 2016). Trend data was analysed using log-
linear regression models to assess estimated annual percentage change
and confidence intervals. All analyses were undertaken at a level of
significance (a) of 0.05. Statistical analysis was undertaken using
STATA 13. Spatial analysis of crash locations was undertaken to iden-
tify collision clusters using ArcGIS 10.2.

3. Results
3.1. Crash rates and injury severity

Across the VISU data, there were at least 183 ED presentations and
273 admissions to hospital for pedestrian injuries as a result of being
struck by a bicycle between July 1st, 2006 and June 30th, 2016
(Table 1). Comparatively over the same time period 4136 pedestrians
presented to EDs as a result of a collision with a motor vehicle and there
were 6699 pedestrian hospital admissions, highlighting that pedestrian
collisions with cyclists are a relatively rare event compared to collisions
with motor vehicles. Over the same study period 155 pedestrian colli-
sions with cyclists were reported to police, representing just over one
percent of the total 13,436 pedestrian collisions identified in the police
crash dataset over the study period. It is noted that these collisions may
correspond with those identified in the hospital datasets, however due
to the aggregate analysis methods it was not possible to match cases.

Over the study period the number of ED presentations remained
relatively constant with an average of 18 presentations per annum
(SD = 5.3) (Table 2), representing a non-statistically significant esti-
mated annual change of —0.9% (—5.8% to 4.2%). Similarly the
number of police reported pedestrian collisions per annum remained



S. O’Hern, J. Oxley

Table 1
Injuries by dataset (July 1st, 2006 to June 30th, 2016).

Demographics Hospital reported Police reported
pedestrian injuries
Emergency Hospital Pedestrian Collision
department admissions  injuries partner
(n =183) (n = 273) (n = 155) (cyclists)
(n = 155)
Gender Male 78 136 53 101
Female 105 137 102 15
Unknown - - - 39
Age Group 0-14yrs 25 56 18 8
15-34yrs 40 39 37 64
35-64yrs 81 95 68 39
65+yrs 37 83 32 -
Unknown - - - 39
Table 2

Pedestrian injuries per year (July 1st, 2006 to June 30th, 2016).

Year Hospital data Police reported
(n = 155)

Emergency department Hospital admissions

(n=183) (n=273)
2006/07 16 21 15
2007/08 23 19 26
2008/09 16 14 8
2009/10 15 28 16
2010/11 22 24 12
2011/12 13 25 19
2012/13 29 30 16
2013/14 21 44 17
2014/15 16 30 14
2015/16 12 38 12

constant over the study period, with a non-statistically significant es-
timated annual change of —2.3% (—7.5% to 3.2%). In contrast, hos-
pital admissions increased from 21 to 38 per annum (M = 27,
SD = 8.9), representing an annual change of 9.1% (4.6% to 13.8%).
When adjusting for population growth over the study period the rate of
ED presentations fell an estimated 2.7% per annum (—6.3% to 1.1%),
while there was a 6.9% (3.6% to 10.4%) annual increase in hospital
admissions.

When considering demographic characteristics of the injured pe-
destrians, older adults, aged 65 or older, were over-represented in each
of the datasets when considering injury incident rates per 100,000
population for each subgroup, with a relative risk (RR) between 1.6 and
4.0 times higher than pedestrians in the 15-34 year age group. Children
also experienced higher rates of hospital admissions compared to adult
pedestrians (RR = 2.4, p < 0.01, CI [1.5, 3.8]) (Table 3). Comparison
by gender revealed that female pedestrians were over-represented in ED
and police reported cases, however the difference was only significant

Table 3
Pedestrian injuries per 100,000 population by dataset (July 1st, 2006 to June
30th, 2016).

Demographics Hospital data Police
reported
Emergency Hospital (n = 156)
Department Admissions
(n =183) (n = 273)
Gender Male 2.6 4.4 1.7
Female 3.4 4.4 3.2
Age Group  0-14yrs 2.2 4.9 1.6
15-34yrs 2.2 2.2 2.1
35-64yrs 3.5 4.1 2.9
65+yrs 4.0 8.9 3.5
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for the police reported dataset (RR = 1.8, p < 0.01, CI [1.3, 2.6]).
Hospital admissions were evenly distributed by gender.

When considering the cyclists involved in the collisions the vast
majority were male (65.1%) or their gender was unknown (25.1%). The
majority of cyclists were adults (63.2%), or the information on their age
was not recorded in the police dataset (28.3%) (Table 1). Of the 8.3% of
collisions involving child cyclists, the majority occurred in outer me-
tropolitan or regional areas. Conversely, the majority of collisions in-
volving adult cyclists occurred in the central Melbourne or inner me-
tropolitan areas. Interestingly the cyclists involved in the collisions
typically sustained lower severity injures compared to the pedestrians
x* @y = 35.2, p < 0.01, @c = 0.34), with only 7.7% of cyclists sus-
taining an injury that required treatment at a hospital compared to
35.4% of pedestrians who sustained serious or fatal injuries.

3.2. Collision characteristics

Police crash data were examined to gain an understanding of col-
lision characteristics. The variables selected for analysis included: speed
zone, road geometry and time of day. Additionally spatial analysis of
crash locations was undertaken to identify any clustering of pedestrian
cyclist collisions.

Analysis of speed zone data illustrated that pedestrian and cyclist
collisions typically occurred in low speed environments of 60 km/h or
less, representing almost three-quarters (74.8%) of collisions. It is noted
that speed zone may not be relevant for all cases, particularly if the
collision occurred on a footpath adjacent to the roadway. The temporal
distribution highlighted collisions occurring at three distinct times; in
the morning, around noon and in the afternoon. This differs from ty-
pical crash distributions that tend to cluster in the morning and after-
noon peak periods, which correlates with peak vehicle movements.
Analysis of datasets identified seasonal trends with the highest pro-
portion of admissions and ED presentations occurring in warmer
months of the year, which are typically associated with higher volumes
of cyclist and pedestrian movements (Pucher et al., 2011).

When considering crash types each pedestrian crash was classified
according to VicRoads’ codes for classifying accidents (DCA codes).
Near-side (30.3%) and far-side (15.5%) collisions were prevalent
amongst the police reported dataset, these collisions are associated with
pedestrians crossing the road either from the left or right side of the
cyclist. A further 6.4% of pedestrians were struck while boarding or
alighting a vehicle. Notably, 15.5% of pedestrian injuries occurred
while on a footpath, median or traffic island, locations where adult
cyclists typically should not be riding a bicycle. Analysis of crash lo-
cation further revealed that the majority of collisions occurred at mid-
block locations (53.5%) compared to 45.8% at intersections.

Spatial analysis of the crash locations focused on cluster analysis,
using a kernel density estimation process to calculate injury densities
(injuries/km?). The analysis identified that pedestrian collisions with
cyclists tended to occur in inner Melbourne (47.1%). With the only
significant clustering of collisions identified towards the very centre of
the city (20 injuries/km?) (Fig. 1).

3.3. Injury patterns and outcomes

A summary of the main body region injured for ED and hospital
admitted pedestrians is shown in Table 4. The majority of collisions
resulted in pedestrians sustaining head injuries. The next most pre-
valent injury type for ED patients were injuries to the knee and lower
leg (15.4%), or the elbow and forearm (10.3%). In contrast, the most
commonly injured body regions for hospital admitted pedestrians in-
cluded injuries to multiple body regions (15.8%) or to the wrist and
hands (9.3%). When considering ICD Injury severity scores for hospital
admitted patients, 20.1% of cases were deemed serious injuries, with
the remaining 79.9% classified as other injuries. Illustrating that gen-
erally pedestrians do not suffer major trauma in collisions with cyclists.
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Fig. 1. Pedestrian and cyclist collision density (July 1st, 2006 to June 30th, 2016).
Table 4 Table 5
Pedestrian injured body region (July 1st, 2006 to June 30th, 2016). Pedestrian injury types (July 1st, 2006 to June 30th, 2016).
Injury location Emergency Hospital admissions Injury type Emergency Hospital
department (n = 273) department admissions
(n=183) (n =183) (n = 273)
Head 42.5% 31.7% Superficial injury 24.0% 7.0%
Wrist & hand 5.5% 9.3% Fracture 24.0% 52.4%
Knee & lower leg 15.4% 7.7% Dislocation, sprain & strain 13.7% 3.3%
Shoulder & upper arm 7.3% 7.1% Open wound 12.0% 13.6%
Elbow & forearm 10.3% 7.1% Other & unspecified injury 9.3% 5.9%
Abdomen, lower back, lumbar 5.9% 6.0% Intracranial injury 8.2% 16.1%
spine & pelvis Injury to muscle & tendon 5.5% *
Thorax 3.3% 5.5% Injury to nerves & spinal cord/Blood 3.3%
Ankle & foot 1.8% 5.5% vessels/crushing injury/injury to
Hip & thigh 5.9% 2.2% internal organs
Neck 2.2% 1.1%
Multiple body regions * 15.8% *Suppressed due to small cell sizes.
Unspecified body region 1.1%

*Suppressed due to small cell sizes.

The nature of injury differed significantly between those admitted
to hospital and pedestrians who presented to EDs (x? (g = 65.1,
p < 0.01, @c = 0.38) (Table 5). Most notably hospital admitted pa-
tients were more likely to suffer from fractures (52.4% vs 24.0%) and
intracranial injuries (16.1% vs 8.2%) compared to ED patients. While
ED patients were more likely to sustain dislocations, sprains, strains
(13.7% vs 3.3%) and superficial injuries (24.0% vs 7.0%).

When considering the average length of hospital stay, the majority
of pedestrians involved in collisions with cyclists were admitted for
fewer than two days (53.1%), while only 7.7% required a hospital stay
greater than 7 days. Compared to pedestrian collisions with motor ve-
hicles, the duration of hospital stays were significantly shorter (y>
@ = 27.5,p < 0.01, ¢pc = 0.06), furthermore the severity of collisions
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were also significantly lower compared to collisions involving motor
vehicles (%% ¢, = 9.85, p < 0.01, @c = 0.04).

4. Discussion

This study investigated the prevalence of pedestrian injuries re-
sulting from collisions with cyclists in Melbourne, Australia. The in-
tention was to quantify the extent of these collisions and identify if the
rate of collisions was increasing, which may highlight a growing road
safety issue. Furthermore the study sought to identify any unique
characteristic and injury outcomes associated with this collision type.
The impetus for this study stemmed from anecdotal suggestions that
cyclists were involved in increasing number of collisions resulting in
pedestrian injuries, particularly when riding illegally on footpaths and
also when riding on shared paths or in mixed use zones, where pe-
destrians and cyclists must interact within the same space.



S. O’Hern, J. Oxley

It is important to note that the research presented in this paper
focuses on the prevalence of injury and that causality has not been
assigned for any of the collisions. Due to the nature of the minimum
hospital datasets it is not possible to identify causality. Furthermore, an
in-depth analysis of individual police reports was not undertaken
during this study, however, further comprehensive analyses are war-
ranted, particularly to gather more information on the specific locations
and infrastructure associated with pedestrian injuries due to collisions
with cyclists. A further noted limitation with this research is the use of
population to measure prevalence and it is noted that this may not
accurately reflect an appropriate exposure measure for pedestrians and
cyclists and an increase in population does not necessarily correlate
with an increase active transport use. Notwithstanding, the current
analysis demonstrated that over the past ten years there does not ap-
pear to have been a substantial increase in the number of pedestrian
injuries resulting from collisions with cyclists. With, no significant
change identified with the rate of ED and police reported cases. While,
the rate of hospitalisations was found to increase over the study period,
the prevalence of injuries was small, especially when compared to in-
juries sustained by pedestrians from collisions with motor vehicles.

Despite the paucity of research addressing collisions between pe-
destrians and cyclists, the current findings confirm earlier research. A
report for the European Commission (SafetyNet, 2009) noted that,
while severe injuries to pedestrians in collisions with cyclists were in-
frequent, collisions between these groups often occur at facilities de-
signed for pedestrians and cyclists such as crossing locations, cycle
tracks and cycle lanes. In addition, there are reports that, in the UK, the
number of pedestrians killed or seriously injured as a result of a colli-
sion with a cyclist are on the rise, with close to 2500 recorded collisions
that resulted in a pedestrian casualty between 2011 and 2016 (albeit
contributing to a small proportion of overall pedestrian injuries (UK
Department for Transport, 2018). Research conducted in other states of
Australia have also shown that pedestrian trauma due to collisions with
cyclists is relatively rare. For example in Queensland, Rees (2011)
identified an average of 4.7 injury collisions per year between cyclists
and pedestrians on footpaths and bikeways. Similarly previous research
conducted in Victoria identified only 2.1% of pedestrian injuries oc-
curred as a result of a collision with a cyclists (Cassell et al., 2010),
while Grzebieta et al. (2011) reported a somewhat higher rate of 7.6%
in New South Wales.

The findings also confirm previous research showing that older
pedestrians are disproportionally represented in collisions with cyclists
(Boufous et al., 2010). With Australia experiencing an ageing popula-
tion due to sustained lower fertility rates and increases in life ex-
pectancy and older pedestrians are over-represented in road trauma
statistics (O’Hern and Oxley, 2015). Similarly, in this study, older pe-
destrians were found to be over-represented in collisions with cyclists,
highlighting the increased fragility of older adults. It is important that
any changes to the road environment that encourage increased pedes-
trian and cyclist interaction consider the vulnerability and functional
ability of all road users to ensure that the burden of injury is not dis-
proportionally held by vulnerable sub-groups within the population.

Unsurprisingly, comparison of pedestrian injuries sustained from
collisions with bicycles compared to motor vehicle collisions resulted in
significantly lower levels of injury severity and were also associated
with shorter hospital stay durations when considering patients who
were admitted to a hospital due to their injuries. This highlights the
reduced average severity of pedestrian and bicycle collisions, not-
withstanding there is still the potential for significant injuries.

It is noted that an issue with vulnerable road user injuries in police
reported datasets, and to a lesser extent hospital datasets, is the issue of
underreporting. This has previously been noted by various researchers
including Sikic et al. (2009); Garrard (2009b); Boufous et al. (2013) and
Oxley et al. (2017). For example in their analysis of police reported and
hospital based cyclist crashes, Boufous et al. (2013) identified that
single-vehicle bicycle crashes represented only 5.2% cases in police

299

Accident Analysis and Prevention 122 (2019) 295-300

reported datasets, compared to 55% in hospital data. It is for this reason
that it is important to consider hospital recorded injuries, particularly
when considering vulnerable road users and collision types that may
not be reported to police, as has been done in this research. Even still
there are limitations with hospital datasets, particularly when con-
sidering minor injuries that may not have been treated in a hospital
setting. Furthermore, due to the de-identified and aggregate nature of
the data available for this research there are limitations with the ana-
lysis techniques that can be used to interrogate the data. Both Police
and Hospital datasets are also subject to issues of data quality and
completeness and these issues are likely to have affected this study, and
these limitations should be taken into account when interpreting the
findings, as it is likely that the frequencies and rates reported in this
manuscript underestimate the true nature of these injuries.

Despite the various limitation of the chosen datasets, it appears that
the prevalence of pedestrian injury due to collisions with cyclists is
relatively low, which is not altogether unexpected considering the re-
latively low levels of cyclist mode share in Victoria (Australian Bicycle
Council, 2017), with estimates from the 2016 census that only 1.2% of
Victorians cycle to work (ABS, 2016; Australian Bicycle Council, 2017).
That being said, Australia, like much of the developing world is ex-
periencing unprecedented urbanisation, resulting in increased popula-
tion densities in metropolitan areas (Stevenson et al., 2016). Con-
currently there are attempts at various levels of government and non-
government organisations to encourage increased participation in ac-
tive and sustainable modes of transport, both due to the health benefits
offered by these modes and their ability to reduce traffic congestion and
improve the quality of life in cities (Lusk et al., 2011; Handy et al.,
2014) particularly when active modes of transport are utilised in place
of private vehicles.

These emerging trends of increasing urbanisation and an uptake in
active transport modes could see the issue of pedestrian injuries due to
collisions with cyclists increase into the future. The findings of this
research indicate that inner Melbourne, which currently has both high
pedestrian movements (Garrard, 2009a; O’Hern and Oxley, 2015), re-
latively high cyclist mode share, compared to the rest of the city, and
has high land use densities (Pucher et al., 2011), had the highest con-
centration of pedestrian injuries as illustrated through the cluster ana-
lysis. These findings are likely to be replicated in other Australian and
Internationally cities with similar urban densities and growing cycling
mode shares. In these areas there is a need for coordinated urban and
transportation planning where appropriate facilities are provided for
each mode of transport. In many European countries with high cycling
mode share, dedicated cycling facilities such as cycle tracks or bicycle
lanes are provided to separate cyclists from pedestrian and motor ve-
hicle traffic. These dedicated facilities should be considered in locations
with high volumes of pedestrian and cyclist interaction, particularly in
locations where cyclists travel at higher speeds.

Outside of the inner Melbourne region, pedestrian injuries due to
collisions with cyclists were relatively rare events and the spatial dis-
persion did not identify any significant spatial clustering. Again these
areas are characterised as having very low cycling mode share and also
typically have less cycling infrastructure (Pucher et al., 2011). As such,
to increase cycling mode share it may be appropriate to allow certain
sub-groups of cyclists to utilise footpaths. It has previously been iden-
tified that one of the key barriers to cycling participation is the fear of
cycling on-road and providing options for more cyclists to use footpaths
may encourage increased participation (Garrard et al., 2010). Currently
in Victoria cyclists up to the age of twelve are allowed to ride on
footpaths. Adults can only legally ride on the footpath if they are ac-
companying a child under twelve (Haworth and Schramm, 2011).
Analysis of the cyclist involved in police report collisions identified that
8.4% of pedestrian collisions involved a child cyclist, representing
thirteen collisions over the ten year study period. Given this low rate of
collision, it may be appropriate to extend the age range of child cyclists
who are allowed to ride on footpaths. This could not only improve the
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number of children engaging in active transportation, which offers a
range of benefits, but may help to establish sustainable transport be-
haviours that are carried into adulthood (Yang et al., 2014; Oxley et al.,
2016).

The construction of a larger network of shared path facilities may
also be another viable option to improve the pedestrian and cyclists
infrastructure networks. Shared paths are fairly common throughout
Australia and provide an off-road facility which is accessible by pe-
destrians and cyclists. They are typically cheaper to construct compared
to separated pedestrian and cyclist facilities and are warranted in lo-
cations where there is demand for both pedestrians and cyclists
(Langdon, 2014). However the width of the path is a particular concern
with these facilities, particularly from the perspective of pedestrians
(Garrard, 2013) and the facilities should only be implemented in lo-
cations were the is sufficient width for cyclists and pedestrians to safely
interact.

Apart from infrastructure solutions education and training programs
can be implemented or existing programs enhanced to improve pe-
destrian and cyclist interaction. Some key messages may include en-
couraging cyclists to use warning devices to alert pedestrians as they
approach, cycling at appropriate speeds in shared environments and
exhibiting predictable behaviours when using shared facilities. It is also
possible that the issue of pedestrian and cyclist distraction are con-
tributing factors for some collisions, particularly when engaged in text-
messaging, listening to portable music devices, talking on phones and
engaging with various technologies while walking and cycling (Hatfield
and Murphy, 2007; Schwebel et al., 2012).The nature of this research
did not allow for distraction to be identified. Notwithstanding, there is
some recent research suggesting that distracted pedestrians are more
likely to take greater risks when engaging with the road environment
(Schwebel et al., 2012). Studies have found that distracted pedestrians
take longer to cross intersections, watch the road less when searching
for acceptable gaps in traffic and will accept shorter gaps in traffic when
crossing (Schwebel et al., 2012). Research has also shown that dis-
tracted pedestrians show a reduction in cautionary behaviours when
crossing the road such as looking both ways before they cross and
watching for traffic while crossing (Bungum et al., 2005; Stavrinos
et al., 2011; Schwebel et al., 2012). Complex cognitive tasks, such as
text messaging have also been shown to pose a greater risk to pedes-
trian than talking on the phone or listening to music (Stavrinos et al.,
2011). With further research needed to understand the influence of
technology and distraction on these collision types, particularly in off-
road and shared space environments.

In summary, the research has illustrated that pedestrian injuries due
to cyclist collisions in Melbourne are a relatively rare event and con-
firms findings conducted in other jurisdictions in Australia.
Furthermore these collisions typically result in lower severity injuries,
compared to collisions involving motor vehicles. Efforts to increase
active transport participation should be encouraged and there may be
situations where it is suitable to encourage increased interaction and
sharing of space between pedestrians and cyclists. Of course further
understanding of these interactions are required beyond retrospective
analysis of police and hospital datasets to consider additional factors
such as under-reporting of collisions, near misses and safety concerns of
various sub-groups of the population.
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