Vulnerability of cyclists on the road. A probabilistic analysis of the database of traffic
injuries in Spain focusing on type of involved vehicle and driver culpability
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The goal of this research is to explore the role of the collision partner — vehicle type and driver culpability — in
incidents involving injuries to people cycling. Previous research has explored a range of factors affecting cyclist
injury severity, but were more frequently focused on cyclist behaviour and/or road conditions.

The database for our study includes a total of 12,318 drivers or riders of any vehicles involved in traffic injuries
with victims in Spain in 2016, of which 7,488 are injured bicycle riders. The database used in our research was
provided by Spain’s National Traffic Department (Direccién General de Trafico - DGT).

This research uses Bayesian machine learning techniques. These have been recently used to study the severity of
traffic injuries, since they provide a sound methodology for analyzing their causes and risks and predicting the

probability of traffic injuries with serious injuries or fatalities.

We have found proof that involvement of heavy vehicles substantially increases the likelihood of cyclists being

killed or seriously injured, and that drivers are more likely than cyclists to be held responsible for the injury.
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1. Introduction

Policy-makers across Europe seek to increase
cycling levels, for reasons ranging from health, to
air pollution and congestion reduction. However,
traditionally cycling has been viewed as a risky
mode and fear of road injury is a major
disincentive to cycling (Horton, 2007). Thus,
despite the substantial net health benefit of a
growth in cycling in almost all settings (Mueller
et al, 2015), a reduction in injury risk remains
important, as does a reduction in the likelihood of
cyclists experiencing the most severe injuries.

Cyclists’ safety remains largely unexplored in
Spain, with the exception of a study of mortality
risks by age and sex (Martinez-Ruiz et al, 2015).
Cycle safety in this country, though, has not
improved over the last years. While the number of
cycling casualties has remained stable, injured
cyclists who required hospitalisation almost
doubled and those who did not require

hospitalisation, more than tripled from 2007 to
2016 (Direccion General de Trafico, 2017).

While previous research explores cyclist
behaviour, road conditions, and safety
perceptions, this paper moves the focus away
from the cyclist to the ‘collision partner’ involved
in the incident, examining both the type of vehicle
involved and the attribution of culpability (note
that this is the opinion of the investigating police
officer, and does not necessarily involve any
proven traffic infractions). We ask (i) what
relationship does the collision partner have with
the risk of a more severe injury or death? (ii)
where culpability is attributed to the cyclist and/or
the collision partner, how does this vary? These
questions have implications for policy ranging
from engineering measures to which road users
should be the focus of enforcement and the design
and targets of education programmes.
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2. Cyclist injuries: severity and culpability

Previous research has examined factors
predicting cyclist injury severity, using police
injury data from a range of settings. For instance,
a study from the Czech Republic (Bil et al, 2010)
identifies demographic factors leading to
increased vulnerability to serious injury,
specifically male gender and older ages. The
heightened risks experienced by men and by older
people is something that has been found across
road user groups and when controlling for
exposure (Feleke et al, 2018, Scholes et al, 2018).
Along similar lines, the above-mentioned Spanish
study (Martinez-Ruiz et al, 2015) found that
contributions of exposure, risk of crash and
fatality to cyclist death rates were strongly
associated with age and sex. In particular, death
rates increased with age, the main component of
this increase was fatality (around 70%), and males
had higher death rates than females in every age
group.

Morgan et al (2010) found that, as in a previous
study, HGVs (trucks) were substantially over-
represented among cycling fatalities in London.
Specifically, between 1992 and 2006 freight
vehicles were involved in 43% of all incidents and
the vehicle was making a left turn (=right turn in
other European countries) in over half of these.
Moore et al (2011) found that the involvement of
a truck or a van in the State of Ohio, US, was
associated with a higher risk of cyclist injury
severity, and that this was substantially greater
than the increased injury severity risk associated
with the cyclist not wearing a helmet. In another
US study, Kim et al (2007) found that truck
involvement more than doubled the probability of
a cyclist experiencing a fatal injury. In Denmark,
Kaplan et al (2014) found heavy vehicle
involvement to be an aggravating factor, while
cycle infrastructure reduced injury severity.

Existing research examines the role of safety
clothing in cyclist injury severity, with many
studies on helmet use (Bil et al 2018), in
particular. However, research has less frequently
analysed fault or culpability attributed to different
road users involved in collisions. Bil et al (2010)
found that in the case of fatalities involving
cyclists and motor vehicles, police more often
attributed fault to the driver than to the cyclist.
Similarly, a study from the UK (Knowles et al
2009) found that drivers were more often held by
police to have contributed to an injury collision
than cyclists, although this finding differed for
adult and child cyclists, with children much more
likely than adults to be held responsible for
incidents in which they were injured.

While studies are few, these findings are
interesting as in the popular imagination in many
country contexts (e.g. the UK: Aldred 2013)
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cyclists are often perceived to be incompetent
road users because (unlike motorists, but like
pedestrians) they are not required to pass any test
to use the roads. In this paper we do not just
compare assigned culpability for drivers and
cyclists, but also compare different groups of
drivers by vehicle type. This allows us to explore
the extent to which driver culpability might
aggravate or mitigate inherent risks associated
with vehicle size and design, and to compare
buses and heavy goods vehicles.

3. Methodology.

In this section, we firstly explain the
methodology used in this work. The data used in
this study are shown and explained below.
Finally, the variables used in the proposed
Bayesian network model are defined.

3.1 Bayesian Network.

Discrete Bayesian network is the methodology
used for the elaboration of the model of this
research work. Bayesian network concept is
defined by Castillo, Gutiérrez et al. (1997) as a
probabilistic model defined by a Directed Acyclic
Graph (DAG) and a set of conditional probability
functions, so that the structure of dependence /
independence showed by the DAG can be
expressed in terms of the joint of the probability
function by the product of several conditional
distributions.

Expressed mathematically:

pla.m) = [peim @

=1
Where m; corresponds to the parents of the
variable x; considered in the model, in our case
defined in Section 3.3.

First, the model is defined by a DAG Graphic
and the Joint probability function. Second, the
probability of one node showing an evidence in
one or several variables is calculated using
Bayesian networks inference. For example, in this
study, one aim is to determine the impact of the
type of vehicle in the severity of injury
experienced by the cyclist e.g.
p(Injuryseverityrisk|Typeofvehicle) (2)

Once the probability of a target variable is
obtained, in our case for example the “Injury
severity risk”, a natural classifier model can be
defined considering a threshold above/below of
which the model predicts the two states of the
variable. A common approach to evaluate the skill
of a binary classification model based on the
different possible values of this threshold is the
ROC Curve (Receiver Operating Characteristic).
It is obtained considering different thresholds for



Proceedings of the 29th European Safety and Reliability Conference

a probability, obtaining the corresponding ratio of
true (HIR: Hit Rate) and false (FAR: False Rate
Alarms) positives leading to the ROC curve. As a
summary of the information given by the ROC
curve, and for the sake of the inter-comparability
between classifiers, the Area under the curve
(AUQC) is considered as a measure of the skill of
the model obtained. This measure ranges between
0 and 1, corresponding to a perfectly opposite
prediction (FAR = 1 and HIR = 0) and a perfect
prediction (FAR = 0 and HIR = 1), being 0.5 the
equivalent to a random prediction and thus
corresponding to a non-reliable model.

In the following sections and tables, in
particular in Tables 2, 3 and 4, the range of the
obtained AUC wvalues for each classifier
considered have been included to illustrate the
skill of the model trained.

3.2 Data acquisition.

The dataset used in this study comes from the
official database of traffic injuries that occurred in
Spain during the year 2016. The dataset was
provided by Spain’s National Traffic Department
(DGT 2019). The original dataset consists of a
total of 102,362 collisions with 174,679 drivers.
This study uses a subset comprising all drivers
and riders of any vehicle involved in a collision in
which a cyclist was injured, that is 12,318 drivers,
cyclists, and motorcyclists (see table 1).

Note that pedestrians are not included in this
dataset. While bicycle-pedestrian collisions are
present in the wider dataset, they make up a
relatively small proportion of cases. Further,
pedestrians would only be present in the data as
casualties: that is, not as involved uninjured road
users (by contrast to riders and drivers). This
would mean any comparison of attributed
culpability would not be applicable for
pedestrians equally as for other road users, as only
injured pedestrians would be included, not all
involved pedestrians.

Table 1. Road users by vehicle type.

Type of Vehicle Cases % Cases
Bike 7,488 60,8%
Car 4,262 34,6%
Motorcycle 313 2,5%
Truck 155 1,3%
Bus 53 0,4%
Others 47 0,4%
Total 12,318 100%

Source: Data from the DGT (Spain)
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3.3 Variables.

The variables used in this study are: Type of
vehicle (see table 2), place-bike (if the collision
happened in a location with cycle infrastructure or
not), zone (if the collision has taken place in a
local street or not), zone 30 (the speed limit in the
area of the collision), node (if it was in an
intersection or not), weather condition
(meteorological condition the day of the
collision), road condition (the surface of the road),
light (day or night), visibility (good or not), age,
gender, driving-licence (updated or not), seat-belt
(yes or not), helmet (yes or not), infringement (yes
or not), speed infringement (yes or not), other
infringement (yes or not), responsibility (whether
or not the police officer has identified the driver
responsible of the accident), driver distraction
(yes or not), driver errors (yes or not), driver-
severity (whether a driver/rider was seriously
injured in the collision) and max-severity-bike
(our principal dependent variable, indicating the
highest severity level for a cyclist in each
collision; note that in a minority of collisions
more than one cyclist was injured).

The variables driver-severity and max-severity-
bike have two values: firstly, a ‘light’ injury, and
secondly a death or serious injury (‘KSI’). The
article examines the factors associated with an
injury to a cyclist being a KSI rather than a slight
injury.

4. Results

4.1 Probability of cyclist death or serious
injury by type of vehicle.

We examine the probability of a cyclist being
killed or seriously injured by the type of vehicle
involved (collision partner). We identified the
collision partner for each cyclist as being the
largest vehicle involved in the incident (in most
cases, only one or no other vehicle was involved).
Where more than one vehicle of the same type
was involved (e.g. two cars) we randomly
selected one as being the ‘collision partner’.

In this way we are able to analyse how the type
of collision partner affects the probability of
cyclist death or serious injury. The results in
Table 2 shows the probability of the variable max-
severity-bike knowing the type of vehicle partner.
It has been calculated using Bayesian networks
inference.
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Table 2. Cyclist
injury severity risk

by collision Slight injury S?;j?ll;}sr
partnerType of

Vehicle

Bike 0,89 0,11
Car 0,90 0,10
Motorcycle 0,92 0,08
Truck 0,76 0,24
Bus 0,87 0,13
Others 0,76 0,24

Source: Compiled by the authors (AUC=0.908-0.954).

The highest injury severity risk for cyclists is
associated with the involvement of larger
vehicles. In particular, trucks (HGVs) are
associated with death or serious injury to the
cyclist with a 24% of probability. By contrast,
where the collision partner is another bicycle
(11%), a bus (13%), a car (10%), or a motorcycle
(6%) the risk of serious injury to the cyclist is
lower. Note that the risk where cars are involved
(10%) is similar to the risk for all cases, as in most
cases a car is the collision partner.

4.2 Driver Injury severity by mode for
collisions involving cyclists

Table 3 below illustrates the probability of
other road users being seriously injured, for our
dataset of collisions involving a cyclist injury. It
has been calculated using Bayesian inference,
with driver-severity as a target variable and the
type of vehicle variable as evidence.
Unsurprisingly, cyclists had the highest
probability of being killed or seriously injured
(10.3%), followed by motorcyclists (4.8%). By
contrast, the drivers of cars, trucks and buses have
a lower probability of a serious injury, at 0.1%,
0.001 % y 0.001% respectively.

Table 3. Probability of serious injury or death by road user
type, all collisions in which a cyclist was injured.

Type of Vehicle Probability
Bike 0,103
Car 0,001
Motorcycle 0,048
Truck 0,00001
Bus 0,00001
Others 0,043

Source: Compiled by the authors (AUC = 0.704-0.746)
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4.3 Probability of culpability by type of
vehicle.

Next we examine the extent to which different
vehicle users are held responsible for an incident.
This data is subjective in that it is the opinion of
the investigating officer recorded at the scene; this
is the data available to us and it does represent an
expert opinion. However, it could be affected by
institutional biases within police services.

The results shown in table 4 have been
obtained by wusing Bayesian inference.
Responsibility has been considered as the target
variable, being the type of vehicle variable the
evidence.

Table 4. Probability of being identified as responsible, all
cases involving injury to a cyclist.

Type of Vehicle No Yes Unknown
Bike 0,29 0,33 0,38
Car 0,25 0,39 0,36
Motorcycle 0,28 0,36 0,36
Truck 0,23 0,42 0,34
Bus 0,24 0,39 0,37
Others 0,28 0,40 0,32

Source: Compiled by the authors (AUC=0.882-0.921).
Relative probabilities are shown in table 5.

Table 5 excludes cases where culpability was
not clearly identified in relation to the road user in
question (i.e. the investigating officer decided that
it could not be known whether the road user was
or was not culpable). In 53% of the cases the
cyclist was held to bear some culpability for the
injury, whereas in 47% of cases the cyclist was
seen to have had no responsibility. The figures for
motorcyclists were slightly higher, with 56% of
motorcyclists being held culpable (again, for
cases where the officer felt they could clearly
identify whether the road user was culpable).

However, for drivers of cars, bus or trucks, as
for ‘other vehicles’, the level of culpability is
higher. In two-thirds of cases where driver
culpability was clearly identified, they were held
to be at fault in incidents where a cyclist was
injured. For drivers of cars, bus and trucks, the
figure was at 62%, 62% and 64% respectively,
higher than for cyclists.
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Table 5. Relative probability of being responsible in case of
injury.

Type of Vehicle No Yes
Bike 0,47 0,53
Car 0,38 0,62
Motorcycle 0,44 0,56
Truck 0,36 0,64
Bus 0,38 0,62
Others 0,42 0,58

Source: Compiled by the authors

4.4 Discussion

This analysis highlights the importance of
looking not only at the cyclist involved in an
injury collision, but also at the collision
partners/other road users involved. For incidents
in which a cyclist is involved, the likelihood of
serious injury to other vehicle users involved in
the incident is extremely low. This confirms the
traditional perception of cycling as a vulnerable
(albeit healthy) mode.

When we explore the involvement of other
vehicles, the picture becomes more complex.
Firstly, the elevated risk posed to cyclists by large
vehicles is revealed. Once a cyclist is involved in
an incident with a bus or a truck, the likelihood of
them being killed or seriously injured rises
substantially, —approximately doubling the
likelihood of death or serious injury where a car
is involved.

These findings are similar to those obtained in
other studies of HGV (truck) involvement and
cyclist injury severity. Even at relatively low
speeds, larger vehicles are associated with higher
injury severity when involved in crashes with
cyclists. This implies the need for interventions
that can reduce the risk of collisions in the first
place; which could include: urban logistics
management, restrictions to HGV access to (some
of) the road network, infrastructural changes to
physically separate people cycling from large
vehicles, and ‘direct vision’ standards that
increase the ability of the driver to see a cyclist
where interaction does occur.

We further explored culpability of different
road users in relation to collisions injuring
cyclists. While caution should be applied in
interpreting these findings due to the subjective
element of the culpability judgements (including
that where a road user has died or been seriously
injured, his or her explanation of the incident
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cannot be obtained at roadside) they are still
important as representing an immediate expert
opinion on an incident. One might expect that
professional drivers trained to drive for a living
(representing all those driving trucks and buses,
for instance) would be responsible in fewer
collisions than non-professional drivers (the
majority of car drivers, motorcyclists, and
cyclists). However, we did not find this, which for
HGVs might be related to issues linked to vehicle
size, such as the blind spot effect.

We discovered that injured cyclists were only
recorded as bearing some culpability in around
half of the cases, exactly 53% (culpability does
not imply an infraction but might be related for
instance to failing to look properly when
negotiating a junction). In 47% of cases where a
cyclist’s responsibility was identified, they were
found to have borne no responsibility for the crash
that injured them. This is an important policy
finding in a context where many cities and
countries are seeking to encourage active travel
modes, for reasons ranging from health benefits
due to increased physical activity, to air pollution
benefits from decreased levels of car use.

In cases involving injury to a cyclist (and
remembering the very low risks of serious injury
to other vehicle users) most types of other vehicle
users were held more likely to be culpable. The
exceptions were motorcyclists (also usually
identified as ‘vulnerable road users’ and involved
in a relatively low proportion of cases).

For car, bus and HGV drivers, levels of
identified culpability are higher than for cyclists
(62%, 62% and 64% respectively). Most car
drivers are not professional drivers, but in order to
drive it is compulsory to have passed a driving test
as an adult. Despite this, levels of attributed
culpability are higher than for cyclists, in these
incidents. Bus drivers are more likely to be held
culpable than cyclists (who in most cases have
received no training as adults in cycle skills).
Elevated levels of culpability are also found for
HGV drivers, who as with bus drivers are
particularly likely to seriously injure or kill a
cyclist involved in a collision; as well as being
more likely in many urban contexts to be involved
in injury collisions with vulnerable road users, per
km (Russell and Comi 2017).

Concluding, we would reflect on the need for
further research into both culpability/driver
behaviour and vehicle type. These should not be
seen as entirely separate; it is possible, for
instance, that the design of large vehicles makes
them difficult for operators to act safely in city
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centres (TfL 2018). Further research into
circumstances surrounding injury collisions
would allow some of these factors to be teased
apart, exploring the contrasting and related roles
of vehicle design, infrastructure, and social
factors such as the organisation of freight and
logistic services. Similar analysis should also be
conducted for pedestrian injuries, which also
make up a high percentage of casualties in many
urban areas.
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