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A B S T R A C T   

As both a utility mode of transport and recreational activity, cycling has well-known health, environmental, and 
economic benefits. For these reasons it has been encouraged in many countries, including the Republic of Ireland. 
However, with increasing popularity there have been concurrent increases in road traffic related cyclist injuries. 
This study aims to characterise cyclist collisions, which are known to be underreported in Police statistics. 

For data collection, a survey addressing collisions was distributed to cyclists across the country in 2018. 
Univariable testing was used to identify differences in collision factors and injury outcomes for cyclist collisions 
with motorised vehicles, and those where a motorised vehicle is not involved as a collision partner i.e. single 
cyclist, cyclist-pedestrian, or cyclist-cyclist collisions. Furthermore, binary logistic regression modelling was used 
to clarify biasing factors for Police reporting of collisions. 

The largest proportion of collisions was between cyclists and motorised vehicles (56%), followed by single 
cyclist collisions (29%), collisions with other cyclists (8%), and pedestrians (7%). The odds of Police reporting for 
collisions with motorised vehicles in this study was 20 times greater than single cyclist collisions, 10 times 
greater than cyclist-cyclist collisions, and 4 times greater than collisions with pedestrians. The odds of Police 
reporting of serious injury collisions was 7 times greater than minor injury collisions. There were several dif
ferences in road, environmental, and human factors, and injury patterns between cyclist-motorised vehicle 
collisions and non-motorised vehicle collisions. 

The findings of this study indicate that greater attention should be paid to the following underreported 
collision types: 1) those that do not involve collisions with motorised vehicles (single cyclist collisions in 
particular), which have been shown to have differing collision characteristics to motorised vehicle collisions, and 
2) less severe injuries, which have been shown to be a substantial contributor to the cyclist safety problem. 
Furthermore, surveys have been shown to be a valuable mechanism for investigation of lower severity cyclist 
injuries, which are largely unrecorded in Police or hospital data.   

1. Introduction 

1.1. Popularity of cycling in the Republic of Ireland 

Due to its numerous health, environmental, and economic benefits 
(Dutch Cycling Embassy, 2018), cycling has been encouraged 
throughout Europe (Department of Transport, 2009; European Com
mission, 1999). Historically, pre-1960s Dublin (the capital city of the 
Republic of Ireland) was anecdotally described as having the 3rd highest 
bicycle usage of European cities, after Amsterdam and Copenhagen 
(Hanna, 2015). More recently it was estimated via survey that 12% of 
Europeans cycle every day, with substantial variability between 

countries; from 1% in Malta to 43% in the Netherlands (European 
Commission, 2013). In the Republic of Ireland (hereinafter Ireland) only 
5% of respondents stated that they cycle every day, ranking 22nd overall 
(ibid.). As a mode of transport to/from work, school, or college, the Irish 
government had set a targeted increase in modal share from less than 2% 
in 2009 to 10% by 2020 (Department of Transport, 2009). The popu
larity of cycling has increased in recent years, though it is not likely that 
the target has been reached, as there had been only a modest increase up 
to 3% in 2016 (Central Statistics Office, 2016). 

* Corresponding author. 
E-mail address: kgildea@tcd.ie (K. Gildea).  

Contents lists available at ScienceDirect 

Accident Analysis and Prevention 

journal homepage: www.elsevier.com/locate/aap 

https://doi.org/10.1016/j.aap.2020.105948 
Received 5 July 2019; Received in revised form 8 December 2020; Accepted 10 December 2020   

mailto:kgildea@tcd.ie
www.sciencedirect.com/science/journal/00014575
https://www.elsevier.com/locate/aap
https://doi.org/10.1016/j.aap.2020.105948
https://doi.org/10.1016/j.aap.2020.105948
https://doi.org/10.1016/j.aap.2020.105948
http://crossmark.crossref.org/dialog/?doi=10.1016/j.aap.2020.105948&domain=pdf
http://creativecommons.org/licenses/by/4.0/


Accident Analysis and Prevention 151 (2021) 105948

2

1.2. Irish road safety trends 

A key factor affecting the uptake of cycling is safety; perceived risks 
have been shown to deter the uptake of cycling in Dublin (Lawson et al., 
2013). Moreover, with increased uptake there is also the increased re
sponsibility on road safety stakeholders to ensure a safe cycling envi
ronment. The European Cyclists’ Federation aims to both double cycling 
popularity across the EU, and halve the rates of cyclist fatalities and 
serious injuries by 2030 (European Cyclists’ Federation, 2017). Road 
safety in Ireland has been improving, and in 2011 Ireland was awarded 
the ‘Road Safety PIN Award’ by the European Transport Safety Council 
for sustained successful strategies in reducing road deaths (European 
Transport Safety Council, 2011). The year 2018 was an all-time low for 
road traffic fatalities in Ireland (Road Safety Authority, 2018a), leading 
to Ireland again being awarded the PIN award and ranked the 2nd safest 
country in the EU, with 30 fatalities per million population (European 
Transport Safety Council, 2019). However, the modal share of cyclist 
injuries has been increasing substantially in Irish Police reported colli
sion data: between 2005 and 2015, their share of all minor injuries 
increased from 3% to 11%, and their share of all serious injuries 
increased from 2% to 19% (Road Safety Authority, 2018b, 2007). 

1.3. Cyclist safety analysis and underreporting 

Evidently, increased efforts should be made to reduce the occurrence 
of injuries to cyclists. In Ireland, much of the analysis performed on 
Police reported data has focused on frequencies of cyclist collisions for 
various collision factors (e.g. environmental, road, human, and vehicle 
factors) (Road Safety Authority, 2020, 2014, 2010). One study has taken 
a multivariable statistical approach, highlighting relationships between 
collision factors (e.g. speed limits, cyclist age, and lighting conditions) 
and injury severity (Short and Caulfield, 2014). However, although 
Police data is the most complete source for road traffic collision data in 
Ireland, limited detail is available for analysis (e.g. information on in
juries to individual body regions, collision configuration, helmet and 
bicycle light use are not available to researchers). Furthermore, it is well 
documented that cycling collisions are underreported in Police data 
both internationally (Department for Transport, 2017; International 
Transport Forum, 2013; Madsen et al., 2018; Rizzi et al., 2013; Shinar 
et al., 2018; Watson et al., 2015) and in Ireland (Bedford et al., 2011; 
Foley et al., 2016; Short and Caulfield, 2014). Less severe cyclist colli
sions have lower odds of being reported to the Police (de Geus et al., 
2012; International Transport Forum, 2013; Salifu and Ackaah, 2012; 
Shinar et al., 2018). Since injurious collisions are much more frequent 
than fatal ones, their underrepresentation is a significant shortcoming in 
the assessment of the national burden of cycling injuries. The effects of 
less severe collisions are also non-trivial, for example, Hours et al. 
(2013) found that close to half of those who experience a minor injury in 
a road traffic collision (MAIS1 or MAIS2) still experience regular pain 
after a year. Due to their non-inclusion in Police or hospital statistics, 
non-injurious collisions are not commonly investigated, however, recent 
studies have demonstrated how near misses have negative effects on 
perceived safety and cycling participation (Aldred and Crosweller, 2015; 
Sanders, 2015), which in turn may have adverse effects on cyclist safety 
via the ‘safety in numbers’ effect (Elvik and Bjørnskau, 2017). 

It is known that the vast majority of cyclist collisions in Irish Police 
statistics are with motorised vehicles, and fewer than 10% are single 
cyclist collisions (Road Safety Authority, 2020, 2014). However, inter
nationally it is known that collisions where a motorised vehicle is not 
involved as a collision partner i.e. single cyclist, cyclist-pedestrian or 
cyclist-cyclist collisions have lower odds of being reported to the Police 
(International Transport Forum, 2013; Rizzi et al., 2013; Shinar et al., 

2018). The biased nature of cyclist collision reporting has clear impli
cations for policy makers and road safety researchers, who generally rely 
on Police data to determine road safety priorities. 

1.4. Self-reported collision data 

A major challenge with understanding the overall burden of cycling 
collisions in Ireland and internationally therefore relates to a substantial 
proportion of missing data. One approach used to address this is to 
combine existing injury datasets, for example, collisions in hospital and 
Police data are systematically linked in Sweden. However, since all 
existing datasets lack completeness, a common approach has been to use 
self-reported surveys to gain a greater understanding of cycling collisions 
not present in Police, hospital, or insurance data (e.g. Madsen et al. 
(2018), and Shinar et al. (2018)). Madsen et al. (2018) found that roughly 
¾ of self-reported collisions in their study were not reported to the Police 
nor an insurance institution by the cyclist, and did not result in a hospi
tal/GP visit; indicating their low likelihood of appearing in Police, in
surance, or hospital statistics. The self-reported nature of these surveys 
has challenges, but they are a valuable mechanism for assessment of 
otherwise unobserved cases and unrecorded information. They have 
identified rates and biasing factors for underreporting (Shinar et al., 
2018), established collision factors for various cyclist cohorts (e.g. age 
groups, bicycle types), as well as categorised general collision mecha
nisms for underreported collision types (e.g. infrastructural design, slip
ping, lane departure, loss of balance, and risky behaviour) (Boele-Vos 
et al., 2017; Engbers et al., 2018; Heesch et al., 2011; Hertach et al., 2018; 
Schepers and Wolt, 2012; Tyréns, 2013; Useche et al., 2019). 

1.5. Study aims 

There is a large body of international research into the factors that 
contribute to both the occurrence and severity of cyclist collisions, and 
their associated prevention strategies (e.g. Simms and Wood (2009), and 
Elvik et al. (2009)), however, given the large disparity in cycling rates and 
cycling environments between countries it is unclear how applicable in
ternational findings are to the Irish context. Accordingly, the overall aim 
of this study is to use an online survey to investigate cyclist collisions in 
Ireland, and inform future prevention priorities. Specifically, in this study 
we: 1) investigate the factors biasing the reporting of cyclist collisions, 
informing further investigation into collision types that are least repre
sented in Police statistics, and 2) compare collision characteristics and 
injury outcomes for motorised vehicle collisions and non-motorised 
vehicle collisions (which have lower odds of being reported to the Police). 

2. Methods 

2.1. Survey design and dissemination 

The online survey was designed following an extensive literature re
view, a focus group session, and survey trialling to collect collision in
formation from a target population of adult cyclists (>18) in Ireland who 
had been involved in a collision(s) in the past five years (as per Holling
worth et al. (2015), and Useche et al. (2019)). The survey seeks collision 
details under the headings of road factors, environmental factors, and 
human factors, as well as outcome details such as Police reporting, injury 
severity, and hospital attendance. Behavioural and attitudinal informa
tion was collected for cyclists who had not been involved in a collision, 
where cyclists were defined as people who had cycled on a public road in 
the previous 12 months. However, this paper only contains information 
relating to the collisions. Behavioural and attitudinal information was 
only sought for those not involved in collisions to limit each individual’s 
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response time (and hence increase response numbers). Injury severities 
were coded as ‘minor’ or ‘serious’ according to the definitions used in 
Police statistics in Ireland and the UK (see Table A1). 

A flowchart of the survey showing a bifurcation section, a collisions 
pipeline, and a behaviours & attitudes pipeline is shown in Fig. A1. 
Respondents were directed to the collisions pipeline if they had a 
collision since the 1st of January 2013. Cyclists were directed to enter 
their most recent collisions. A link to the full survey questionnaire is 
available here: https://kevgildea.github.io/. 

The survey was open March 24th - August 2nd, 2018. Dissemination 
was via mailing lists of several cycling organisations, employers, and 
universities, and was also circulated through social media. In an effort to 
reduce sampling bias, the study was advertised simply as a cyclist safety 
survey. Ethical approval for the survey and focus group were provided by 
the Trinity College Dublin Faculty of Health Sciences Ethics Committee. 

2.2. Data cleaning 

Three techniques were applied to identify invalid responses as either 
‘inconsistent’, ‘wrong turns’, or ‘substantially incomplete’, similar to 
methods used in Hertach et al. (2018). Within the survey are groups of 
two or more questions with mutually exclusive answers, which should 
be answered in a certain pattern. Cases deviating from these expected 
patterns were excluded (e.g. the respondent selects that the collision 
occurred both on the ‘Weekend’ and on ‘Wednesday’). Since the survey 
uses piping, and directs respondents based on their responses to certain 
questions, some respondents made errors and were sent to an inappro
priate page. These erroneous responses were excluded. Responses may 
be considered ‘substantially incomplete’ if the respondent did not 
engage with the survey sufficiently, as these respondents may leave 
many questions unanswered. Such responses were excluded from the 
survey. Respondents were also excluded if they were under 18 years old 
or if their collision had occurred outside of the Republic of Ireland. For 
further details see Fig. A1. Collisions were also examined for miscoded 
collision types (according to the definitions in Table A1). 

2.3. Statistical analysis 

All statistical analyses were carried out using IBM SPSS 26.0. Sig
nificance was taken at a level of p < 0.05. Respondents had the option of 
entering multiple collision events. Accordingly, we included only the 
primary collision when performing statistical tests (i.e. Chi-square tests, 
Fisher’s tests, T-tests, and logistic regression modelling) so as not to 
violate the assumption of independence of observations. A total of 78 
collisions which were respondent’s 2nd, 3rd, or 4th collisions were 
excluded from these tests. 

2.3.1. Univariable analysis 
For categorical variables, Chi-square testing was used to identify 

significant differences between two groups: 1) motorised vehicle colli
sions versus non-motorised vehicle collisions, and 2) injury patterns for 
the different collision types. Fisher’s exact test was applied in cases 
where more than 20% of cells had expected frequencies < 5. For the 
continuous variable age, an independent-samples t-test was used to 
compare the means between the groups. 

2.3.2. Multivariable analysis 
Binary logistic regression modelling was used to establish the effects 

of various collision details on whether a collision was reported to the 
Police: 

p = P(Y = 1|X = x1,…,Xi = xi) =
eβ0+β1x1…+βixi

1 + eβ0+β1x1…+βixi
, (1)  

where the dependent variable Y takes two values (1, 0), βi are the co
efficients estimated using the method of maximum likelihood and xi are 
the predictor variables. This can be rearranged as: 

OR =
p

1 − p
= eβ0+β1x1…+βixi , (2) 

where OR is the odds ratio used to estimate the change in outcome 
per unit increase in the corresponding predictor variable, while keeping 
remaining variables fixed. 

Many questionnaire studies handle missing data by performing list
wise deletion: simply using cases with fully populated responses and 
discarding cases with missing values. However, the distribution of 
missing values may not be random. Rubin (1976) describes three types 
of missing data: missing completely at random (MCAR), missing at 
random (MAR), and missing not at random (MNAR). Since we do not 
have access to unobserved data, neither MAR nor MNAR can be tested, 
however MCAR can be tested using Little’s multivariate test (Little and 
Schenker, 1995). We applied a method called multiple imputation, 
which fills missing data with plausible values (Rubin, 1987). This 
method is commonly used in analysis of data which has a degree of 
missingness as it has been shown to yield more accurate results than 
listwise deletion for MNAR and MAR data, and improvements in sta
tistical power for MCAR data (Lall, 2016). 

2.4. Data descriptions and summary of methodological approach 

There were 3,904 respondents to the survey. A total of 860 fully 
completed collisions were available for analysis, along with a further 
562 partially completed collision cases where the respondent exited the 
survey prior to completion (giving a total of 1,422 collision cases) (see 
Fig. A1). In section 3.1, collision characteristics of collisions with 
motorised vehicles vs. collisions not with motorised vehicles are 
compared. In section 3.2, injury outcomes are compared between 
collision types (for the 564 collisions involving injuries). In section 3.3, 
Police reporting biasing factors were investigated for all collision cases, 
and Police reporting/hospital attendance were further investigated for 
injurious cases (Fig. 1). 

Fig. 1. The methodological approach used in this study.  
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3. Results 

3.1. Collision characteristics 

Of the 1,030 collisions for which the collision partner was specified, 
the largest proportion of collisions was between cyclists and motorised 
vehicles (MVC) (55.9%), followed by single cyclist collisions (SCC) 
(29.0%), collisions with other cyclists (CCC) (7.9%) and pedestrians 

(CPC) (7.2%). Tables 1–3 show the distributions of the various charac
teristics in two groups: 1) cyclist collisions with motorised vehicles and 
2) cyclist collisions with anything other than a motorised vehicle (i.e. 
single cyclist collisions, collisions with pedestrians, or with other 
cyclists). 

Comparisons of road factors are shown in Table 1. Chi-square sta
tistics were used for inter-group comparisons, and odds ratios were 
calculated. The speed limits on roads differ between collision groups: 

Table 1 
Road factors for collisions with and without the involvement of motorised vehicles.  
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collisions in environments with speed limits of 60 km/h or less had 
higher odds of being with motorised vehicles (OR 3.3, 95% CI:2.0–5.3). 
Collisions on roads without cycling facilities had lower odds of being 
with motorised vehicles (OR 0.6, 95% CI:0.5–0.8), however, for those 
who stated they were using the cycling facility (if available) there was no 
significant difference between groups (OR 1.3, 95% CI:0.6–2.9). Colli
sions on bending roads had lower odds of being with motorised vehicles 
(OR 0.3, 95% CI:0.2–0.5), similarly for collisions on roads with downhill 
gradients (OR 0.5, 95% CI:0.3–0.9). Collisions at junctions had higher 
odds of being with motorised vehicles (OR 2.7, 95% CI:2.0–3.5). 

Comparisons of environmental factors are shown in Table 2. Chi- 

square statistics were used for inter-group comparisons, and odds ratios 
were calculated. Collisions on weekdays had higher odds of being with 
motorised vehicles (OR 2.3, 95% CI:1.7–3.1), as were collisions in en
vironments flagged as urban by the respondent (OR 3.3, 95% 
CI:2.2–5.0). Collisions in no/light traffic had lower odds of being with 
motorised vehicles (OR 0.3, 95% CI:0.3–0.4), as were collisions in 
inclement weather (OR 0.4, 95% CI:0.3–0.6), or on hazardous road 
surfaces (i.e. not dry) (OR 0.3, 95% CI:0.2–0.4). 

Comparisons of human factors are shown in Table 3. For categorical 
variables, Chi-square statistics and Fisher’s exact test (where applicable) 
were used for inter-group comparisons, and odds ratios were calculated. 

Table 2 
Environmental factors for collisions with and without the involvement of motorised vehicles.  
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Table 3 
Human factors for collisions with and without the involvement of motorised vehicles.  
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For the continuous variable (age), an independent-samples t-test was 
performed. There was no significant difference in respondent age for 
collisions with motorised vehicles (M = 37, SD = 11.7) and collisions 
without motorised vehicles (M = 38, SD = 12.4), t (938) = -1.84, p =
0.07. Collisions involving male cyclists had slightly higher odds of being 
with motorised vehicles (OR 1.3, 95% CI:1.0–1.8). Collisions in unfa
miliar locations had much lower odds of being with motorised vehicles 
(OR 0.1, 95% CI:0.1–0.3). There was no significant difference in use of 
helmets (OR 0.9, 95% CI:0.6–1.2), or high visibility equipment (OR 0.9, 
95% CI:0.4–2.1) and bicycle lights (during dusk/dark conditions) (p =
0.28) between groups. Reporting of alcohol use or mobile phone use on 
the part of the cyclist was extremely low (<2%), and there were no 
significant differences between groups; p = 0.26, and p = 1.0, respec
tively. Cyclists reported earphone usage was also low (8%), however 
cyclists wearing earphones had higher odds of being in collisions with 
motorised vehicles (OR 1.6, 95% CI:1.0–2.7). Cyclists travelling for 
commuting/utility/work purposes had higher odds of being in collisions 
with motorised vehicles (OR 2.1, 95% CI:1.6–2.9), as were cyclists using 
hybrid/mountain bicycles (OR 1.3, 95% CI:1.0–1.7). Collisions 
involving cyclists travelling at speeds of 20 km/h and over had lower 
odds of being with motorised vehicles (OR 0.5, 95% CI:0.4–0.7). 

3.2. Injury patterns 

In Fig. 2, injury patterns and overall injury severities are presented 
for each collision type. For overall injury severities, 977 cases were 
available for analysis (i.e. Minor, Serious, or no injury), and for the 
analysis of injury patterns, 564 cases were available for analysis (i.e. 
injury occurrence for each body region). Chi-square statistics were used 
for inter-group comparisons, and odds ratios were calculated. Approxi
mately 70% of respondents sustained injuries to the upper and lower 
limbs, 48% to the torso, 37% to the head and 14% to the neck. Injuries 
ranged from minor bruises and abrasions to fractures and severe internal 
injuries. Single cyclist collisions had the highest level of injury occur
rence (73% involved injuries); compared to collisions with vehicles, the 
odds of injury occurrence for single cyclist collisions were almost 3 times 
greater (OR 2.8, 95% CI:2.0–3.9). Collisions with other cyclists also had 
high odds compared to collisions with vehicles (OR 1.8, 95% 
CI:1.1–3.1). Collisions with pedestrians had the lowest levels of both 

overall injury occurrence (46%) and serious injury occurrence (7%). 
Injury patterns were generally similar across all collision types, 

though those involving pedestrians had lower injury levels for all body 
regions. Injuries to the upper and lower extremities dominate, with in
juries to these regions in over 70% of cases (except for collisions with 
pedestrians). Single cyclist collisions and motorised vehicle collisions 
had similar levels of head injury. 

3.3. Underreporting biases 

Table 4 shows the results of a binary logistic regression with Police 
reporting as the dependent variable and age, sex, location (county 
Dublin/outside county Dublin), locus familiarity, setting (urban/rural), 
day (weekend/weekday), time of day, trip purpose, collision type and 
injury severity as independent variables (see Table A2). The Variance 
Inflation Factor (VIF) was found to be <10 for all variables, suggesting 
that the level of multicollinearity is not problematic. The continuous 
variable age was found to be linearly related to the logit of the depen
dent variable via the Box-Tidwell procedure, with p > 0.05. Information 
was missing for one or more variables for 565 cases (40%). The null 
hypothesis for Little’s test (that the missing data is MCAR) was not 
rejected with p > 0.05, suggesting that multiple imputation will work 
well. Multiple (30) imputations were performed, as recommended by 
White et al. (2011). Only location, collision type, and injury severity 
were found to be significant, see Table A2. Since in this study we are 
concerned with effect estimation, both significant and insignificant 
variables were included in the final model i.e. inclusion of insignificant 
variables increases the likelihood that the confidence interval for the 
effect of interest has the stated coverage (Harrell, 2015). The model was 
statistically significant, χ2(15) = 211.922, p < 0.0001. The model 
explained 37.1% (Nagelkerke R2) of the variance in Police reporting and 
correctly classified 87% of cases. The area under the Receiver Operating 
Characteristic (ROC) curve was 0.840 (95% CI: 0.803–0.876) (consid
ered an excellent level of discrimination according to Hosmer et al. 
(2013)), with a corresponding Gini coefficient of 0.680 (95% CI: 
0.606–0.752). Five outliers (0.4% of cases) were found, indicated by an 
absolute value of standardised residual greater than 2.5 in the regression 
output, with values ranging between 2.7 and 3.0. These cases were 
investigated and were retained as there was no obvious reason for 

Fig. 2. Injury patterns for injured cyclists, overall and for each collision type.  
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Fig. 3. Reporting of injurious collisions to the Police and hospital attendance, represented as a proportional area Euler Diagram (generated using the approach by 
Micallef and Rodgers (2014)). 

Table 4 
Underreporting of collisions to the Police.  
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removal, and their presence had low influence on the model, as indi
cated by Cook’s distance values between 0.32 and 0.54, and Leverage 
values between 0.006 and 0.012. 

The findings show that the odds of Police reporting for collisions 
outside of county Dublin was 2.2 times greater than those in county 
Dublin. The odds of Police reporting for collisions between cyclists and 
motorised vehicles were the highest; 20.0 times greater than single 
cyclist collisions, 9.8 times greater than cyclist-cyclist collisions, and 4.1 
times greater than collisions with pedestrians. The odds of Police 
reporting for serious injury collisions were the highest; 7.0 times greater 
than minor injuries, and 24.4 times greater than non-injurious collisions. 

A cross comparison of Police reporting and hospital attendance for 
collisions involving injuries is shown in Fig. 3. For 4 injurious collisions 
no indications of Police reporting, or hospital attendance were given (N 
= 560). Overall, only 23% were reported to the Police, and 30% resulted 
in a hospital attendance. Only 14% of collisions were both reported to 
the Police and resulted in a hospital attendance, and 61% were neither 
reported to the Police nor resulted in a hospital attendance. A large 
proportion of serious injuries (82%) resulted in either hospital atten
dance or Police reporting, compared to only 21% of minor injuries. 

4. Discussion 

This paper presents findings of the first self-reported survey of 
cycling collisions in Ireland. With details of over 1,000 cycling colli
sions, the results demonstrate this approach is effective at augmenting 
our understanding by providing detail for cases not seen in Police or 
hospital data. 

4.1. Underreporting biases 

These survey results provide further evidence that cycling collisions 
are substantially underreported: only 23% of collisions with injuries 
were coded as having been reported to the Police, and only 30% re
ported a hospital attendance. Bedford et al. (2011); Short and Caulfield 
(2014), and Foley et al. (2016) previously presented analyses of Police 
and hospital data, implying underreporting in an Irish context, and our 
findings provide further evidence through the addition of survey-based 
data. Using probabilistically matched Police and hospital data, Short 
and Caulfield (2014) estimated that there are roughly 6 times as many 
cyclist injuries than recorded in Police statistics (reporting rate of 
roughly 17%), which is slightly lower than our finding of 23%. By 
comparison, findings from an international survey on underreporting of 
cyclist’s most severe collisions found reporting rates ranging between 
0% (Israel) and 35% (Germany) (Shinar et al., 2018). The International 
Transport Forum recently recommended that cyclist injuries be moni
tored using a combination of Police, hospital and insurance data (In
ternational Transport Forum, 2018). In our survey, only 39% of 
collisions involving injuries were either reported to the Police or resul
ted in a hospital attendance (or both). Our results indicate that the 
combined monitoring of Police and hospital data may be effective for 
serious injury collisions (as suggested by Foley et al. (2020)), however 
this is not the case for minor injuries (see Fig. 3). Although inclusion in 
insurance data is unknown, these statistics highlight the important 
contribution surveys can make in assessing the burden of cyclist injuries. 

Although collisions with motorised vehicles are the largest cohort in 
the survey, comprising just over half of the total, they are less dominant 
than commonly understood (Road Safety Authority, 2020, 2014), and 
the survey results emphasize instead the importance of non-motorised 
vehicle collisions in the Irish context. Shinar et al. (2018) found that 
the odds of Police reporting for motorised vehicle collisions is 15 times 

greater than for single cyclist collisions, compared to a factor of 20 in our 
findings. Shinar et al. (2018) also found injury severity to be the 
strongest predictor of cyclist collision reporting, and our results indicate 
similar, with 42% of serious injuries reported to the Police. Our findings 
also indicate that the odds of Police reporting for serious injury colli
sions are 7 times greater than minor injury collisions. 

4.2. Comparisons of collision characteristics 

A substantial proportion (56%) of the survey cases were motorised 
vehicle collisions, and other survey studies have found the proportion to 
be lower: 13% in a survey of cyclists in Queensland, Australia (Heesch 
et al., 2011), and 23% in an internationally distributed survey (Shinar 
et al., 2018). This implies the need for interventions to reduce their 
occurrence, such as traffic separation (segregated cycle lanes), im
provements to junction designs, or reductions in speed limits (in areas of 
mixed traffic) (Elvik et al., 2009; International Transport Forum, 2013; 
Thompson et al., 2017), though further investigation is required to 
identify effective strategies for the Irish context. Our findings indicate 
that compared to motorised vehicle collisions, a larger proportion of 
non-motorised vehicle collisions occurred in rural environments with 
higher posted speed limits and lighter traffic conditions. They also have 
lower odds of occurring at junctions, and higher odds of occurring in 
unfamiliar locations, on roads with curves or downhill gradients, in 
inclement weather conditions, or on roads with hazardous surface 
conditions. A higher proportion of cyclists involved in non-motorised 
vehicle collisions were females, and occurred during leisure, training, 
racing trips as opposed to utility, commuting, or work trips. These col
lisions also occurred at higher cycling speeds than collisions with 
motorised vehicles. The resulting injuries are generally at a higher 
severity level for non-motorised vehicle collisions (with the exception of 
cyclist-pedestrian collisions), contrary to previous findings (Heesch 
et al., 2011; Shinar et al., 2018). For example, only 27% of single cyclist 
collisions involve no injury, and 23% involved a serious injury. This may 
be influenced by recall bias, whereby collisions resulting in injuries or 
involving other road users may be inherently more memorable, biasing 
the reporting of injurious single cyclist collisions to the survey. Never
theless, it emphasizes the importance of single cyclist collisions and 
injuries due to ground contact in the overall cycling injury burden. 

Due to differences in collision characteristics, prevention strategies for 
motorised vehicle collisions are not likely to be as effective for non- 
motorised vehicle collisions (single cyclist collisions in particular). 
Furthermore, decreases in cyclist-motorised vehicle collision risk has been 
shown to accompany increasing cyclist modal share, according to the so- 
called ‘Safety in Numbers’ effect (Elvik and Bjørnskau, 2017), however 
internationally it is known that risk for single cyclist collisions does not 
decrease in the same way (Schepers et al., 2015). Therefore, Irish poli
cymakers should be aware that safety strategies are needed to address 
increasing numbers of single cyclist collisions that may accompany 
increasing modal share of cycling in Ireland. For example, 43% of people 
in the Netherlands cycle every day (compared to 5% in Ireland) (Euro
pean Commission, 2013), and single cyclist collisions are a significant 
contributor to the road safety problem, comprising 74% of cyclist injuries 
and 41% of all road crash injuries (Schepers et al., 2015). In the 
Netherlands a large proportion of single cyclist collisions are related to 
infrastructure, by way of the cyclist colliding with road furniture, or 
skidding/loss of control due to a hazardous road surface (Schepers and 
Wolt, 2012). A large proportion are also caused by cyclist related factors, 
including loss of control at low speed, or risky riding behaviours (ibid.). 
Infrastructural improvements to the Irish road network, and a safe sys
tems approach must be taken to address the causes of single cyclist 
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collisions, however, further investigation is required to identify appro
priate prevention strategies for the Irish context. 

4.3. Descriptive comparisons to Irish Police statistics 

In Police statistics 87% of injurious cyclist collisions occurred on 
urban roads with lower speed limits (less than or equal to 60 km/h) 
(Road Safety Authority, 2020). Similarly, in the survey results where 
speed limit was indicated/known, 83% were on roads with speed limits 
less than or equal to 60 km/h. The majority (78%) of collisions reported 
to the survey occurred in county Dublin, compared to 61% in Police 
statistics (ibid.), though our findings also indicate that collisions in 
county Dublin have lower odds of being reported to the Police. Situa
tions where cyclists are required to cross paths with other transport 
modes are common sources of cyclist collisions: 40% of our survey 
collisions occurred at junctions, which is lower than the proportion in 
Police statistics (51%) (ibid.). This is likely a result of non-motorised 
vehicle collisions being underreported in Police statistics, supported 
by the fact that half of motorised vehicle collisions in the survey 
occurred at junctions. In Police statistics 74% of cyclists are male (ibid.), 
similar to respondents involved in collisions in the survey (70%). In 
Police statistics 79% of collisions occurred on weekdays (ibid.), equal to 
the survey results. However, in Police statistics 33% of collisions 
occurred between 06:00− 12:00 (ibid.), compared to half in the survey 
results, and correspondingly fewer were between 12:00− 00:00. 

In Police statistics between 2014 and 2015, the ratio of serious to 
minor injuries was 1:5.9 (Road Safety Authority, 2018b, 2016), 
compared to 1:2.5 in our survey cases. This is counterintuitive in that 
our findings indicate that minor injuries have lower odds of being re
ported than serious injuries, which should result in a higher proportion 
of minor injuries for the survey cases. This may in part be a result of 
recall bias, whereby collisions involving serious injuries are inherently 
more memorable than those involving minor injuries. It is also known 
that injury severity according to the definitions used in this study 
(Table A1) is sometimes misclassified by Police in the UK (Department 
for Transport, 2012), resulting in some serious injuries being mis
classified as minor. 

4.4. Limitations 

For this study there was no means of obtaining a fully representative 
sample of the population of cyclists in Ireland. The Irish census contains 
a module on the commuting travel preferences which can be used to 
compare to our survey results (Central Statistics Office, 2016), and the 
membership details of Cycling Ireland (the national body for sports 
cycling in Ireland) can be used as a proxy for leisure/racing cyclists. The 
proportions of survey respondents by county are similar to those for the 
commuting population of cyclists in Ireland (Fig. A2), though there are 
differences for the leisure/racing population, with a disproportionate 
number of survey respondents coming from Dublin. A smaller propor
tion of survey respondents were male (63%), when compared to both the 
commuting population in Ireland (73%), and the membership of Cycling 
Ireland (80%). Since no child cyclists (<18) were included in this study, 
collision factors that may be specific to younger cyclists are not available 
in our results. However, as detailed in 4.3, after accounting for under
reporting biases, broad collision characteristics for cyclist collisions in 
the survey are similar to those seen in Police statistics. 

Self-reporting has associated biases, one of which (recall bias) may 
have the effects of 1) underrepresenting the overall share of single 
cyclist collisions, 2) overrepresenting the proportion of injurious single 
cyclist collisions, and 3) increasing the overall severity of injuries in the 
survey results. For sensitive questions, social desirability bias may be a 
factor (Krumpal, 2013), which may contribute to the low reporting of 
mobile phone and alcohol usage in our findings. Furthermore, although 
helmets are not mandatory in Ireland, a high proportion of survey re
spondents reported wearing a helmet (81%), compared to 47% in Police 

statistics (Road Safety Authority, 2020). However, it is also possible that 
self-selection bias may be a factor, whereby cyclists who chose to take 
part in the survey may be more safety conscious than the general pop
ulation of cyclists in Ireland. Since only cyclists were surveyed, the 
Police reporting rates for collisions involving a second road user (vehicle 
driver, pedestrian, or other cyclist) are likely underestimates. 

Clearly these results do not include fatal cyclist collisions, and future 
work should include an analysis of fatalities as part of a more complete 
impression of cyclist safety priorities in the Irish context. It was not 
possible to code the injuries according to the Abbreviated Injury Scale, 
which is used to standardise injury outcomes, making international 
comparisons more difficult. The definitions used for minor and serious 
injuries in this paper are the same as those used in Ireland and the UK, 
though they differ by varying degrees to those used across the EU (Eu
ropean Commission, 2015). 

5. Conclusions 

Cyclists in Ireland are responsive to self-reported surveys relating to 
collision events, suggesting they are an engaged cohort for road safety. 
Due to difference in road environments, and cycling levels, safety pri
orities vary between countries. However, the findings of this study may 
have international relevance for countries with an increasing popularity 
of cycling starting from a relatively low base. 

The results demonstrate that serious injury collisions may be well 
addressed by the combined monitoring of Police and hospital data, 
however, self-reporting is highlighted as an important data source for 
minor injuries. Just over half of cyclist collisions reported to the survey 
were with a motorised vehicle, and this proportion holds even for 
serious injuries. Single cyclist collisions accounted for roughly 3 out of 
10 collisions, and only a small proportion of these were reported to the 
Police. This suggests that Police-based statistics on the burden of cyclist 
collisions in Ireland are biased towards those involving motorised ve
hicles, and policymakers should be aware of the considerable burden of 
single cyclist collisions. Less severe injuries have also been shown to be 
underreported, and to contribute to the safety problem to a far greater 
degree than observed in Police statistics. In efforts to inform prevention 
strategies, future work should focus on identifying the configurations of 
these underreported collision types. 
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Fig. A1. Flowchart of the survey questionnaire including numbers of respondents entering, exiting, and excluded (R: Respondent, C: Collision).  
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Fig. A2. Survey respondent numbers by county (N = 2,509), compared to census data for commuting cyclists in the Republic of Ireland in 2016 (N = 82,123) (in 
parentheses: ‘()’), and Cycling Ireland’s membership in 2017 (N = 21,470) (in square brackets: ‘[]’). 

Table A1 
Nomenclature and definitions.  

Nomenclature Definition Reference 

Single Cyclist Collision (SCC) Collisions where a cyclist falls or is injured in which no other road user/in-use vehicle is made contact 
with, either by the cyclist themselves or the bicycle e.g. collision with obstacle, skidding out on a wet 
road surface, collision with a kerb due to an avoidance manoeuvre etc. 

Similar to Schepers and Wolt, 2012 
and Hertach et al., 2018 

Cyclist – Motorised Vehicle 
Collision (MVC) Collisions in which contact is made between a cyclist/bicycle and an in-use motorised vehicle 

Cyclist – Cyclist Collision 
(CCC) Collisions in which contact is made between a cyclist/bicycle and another cyclist/in-use bicycle. 

Cyclist – Pedestrian Collision 
(CPC) Collisions in which contact is made between a cyclist/bicycle and a pedestrian. 

Unreported Collision A collision which was neither reported by the cyclist to the Police at the scene nor subsequently. NA 

Minor Injury (Overall) An injury of a minor character such as a sprain or bruise. 

(European Commission, 2015) 
Serious Injury (Overall) 

An injury for which the person is detained in hospital as an ‘in-patient’, or any of the following injuries 
whether or not detained in hospital: fractures, concussion, internal injuries, crushing’s, severe cuts and 
lacerations, severe general shock requiring medical treatment.  

K. Gildea and C. Simms                                                                                                                                                                                                                       



Accident Analysis and Prevention 151 (2021) 105948

13

References 

Aldred, R., Crosweller, S., 2015. Investigating the rates and impacts of near misses and 
related incidents among UK cyclists. J. Transp. Heal. 2 (3), 379–393. https://doi. 
org/10.1016/J.JTH.2015.05.006. 

Bedford, D., Sheridan, A., Howell, F., McKeown, N., 2011. Admission to Acute hospitals 
for Injuries As a Result of Road Traffic Collisions in Ireland. 

Boele-Vos, M.J., Van Duijvenvoorde, K., Doumen, M.J.A., Duivenvoorden, C.W.A.E., 
Louwerse, W.J.R., Davidse, R.J., 2017. Crashes involving cyclists aged 50 and over in 
the Netherlands: an in-depth study. Accid. Anal. Prev. 105, 4–10. https://doi.org/ 
10.1016/J.AAP.2016.07.016. 

Central Statistics Office, 2016. StatBank - Profile 6 - Commuting in Ireland - E6010. Cent. 
Stat. Off. [WWW Document]URL https://www.cso.ie/px/pxeirestat/Statire/Sele 
ctVarVal/Define.asp?Maintable=E6010&Planguage=0 (accessed 7.25.18).  

de Geus, B., Vandenbulcke, G., Int Panis, L., Thomas, I., Degraeuwe, B., Cumps, E., 
Aertsens, J., Torfs, R., Meeusen, R., 2012. A prospective cohort study on minor 
accidents involving commuter cyclists in Belgium. Accid. Anal. Prev. 45, 683–693. 
https://doi.org/10.1016/j.aap.2011.09.045. 

Department for Transport, 2012. Linking Police and hospital Data on Road Accidents in 
England: 1999 to 2009 Results. 

Department for Transport, 2017. Reported Road Casualties Great Britain: 2016 Annual 
Report. 

Department of Transport, 2009. Ireland’s First National Cycle Policy Framework. 
Dutch Cycling Embassy, 2018. Dutch Cycling Vision. 
Elvik, R., Bjørnskau, T., 2017. Safety-in-numbers: a systematic review and meta-analysis 

of evidence. Saf. Sci. 92, 274–282. https://doi.org/10.1016/j.ssci.2015.07.017. 
Elvik, R., Høye, A., Vaa, T., Sørensen, M., 2009. The Handbook of Road Safety Measures. 

Emerald Group Publishing Limited. https://doi.org/10.1108/9781848552517. 
Engbers, C., Dubbeldam, R., Brusse-Keizer, M.G.J., Buurke, J.H., de Waard, D., 

Rietman, J.S., 2018. Characteristics of older cyclists (65+) and factors associated 
with self-reported cycling accidents in the Netherlands. Transp. Res. Part F Traffic 
Psychol. Behav. 56, 522–530. https://doi.org/10.1016/J.TRF.2018.05.020. 

European Commission, 1999. Cycling: the Way Ahead for Towns and Cities. 
European Commission, 2013. Attitudes of Europeans towards Urban Mobility. Special 

Eurobarometer 406. 
European Commission, 2015. Serious Injuries 2015. 
European Cyclists’ Federation, 2017. EU Cycling Strategy. 
European Transport Safety Council, 2011. Road Safety Target in Sight: Making up for 

Lost Time. 
European Transport Safety Council, 2019. Ranking EU progress on road safety. 13th 

Road Safety Performance Index Report. 
Foley, J., Cronin, J., Gheorghescu, A., Chetrit, D., Evoy, D., Ryan, J., 2016. Cycling 

injuries presenting to an Irish emergency department. Ir. Med. J. 
Foley, J., Cronin, M., Brent, L., Lawrence, T., Simms, C., Gildea, K., Ryan, J., Deasy, C., 

Cronin, J., 2020. Cycling related major trauma in Ireland. Injury. https://doi.org/ 
10.1016/j.injury.2019.11.025. 

Hanna, E., 2015. Seeing like a cyclist: visibility and mobility in modern Dublin, c. 1930- 
1980. Urban History 42. https://doi.org/10.1017/S0963926814000716. 

Harrell, F.E., 2015. Regression Modeling Strategies, Springer Series in Statistics. Springer 
International Publishing. https://doi.org/10.1007/978-3-319-19425-7. 

Heesch, K.C., Garrard, J., Sahlqvist, S., 2011. Incidence, severity and correlates of 
bicycling injuries in a sample of cyclists in Queensland, Australia. Accid. Anal. Prev. 
43 (6), 2085–2092. https://doi.org/10.1016/J.AAP.2011.05.031. 

Hertach, P., Uhr, A., Niemann, S., Cavegn, M., 2018. Characteristics of single-vehicle 
crashes with e-bikes in Switzerland. Accid. Anal. Prev. 117, 232–238. https://doi. 
org/10.1016/J.AAP.2018.04.021. 

Hollingworth, M.A., Harper, A.J.L., Hamer, M., 2015. Risk factors for cycling accident 
related injury: the UK cycling for health survey. J. Transp. Heal. 2 (2), 189–194. 
https://doi.org/10.1016/J.JTH.2015.01.001. 

Hosmer, D.W., Lemeshow, S., Sturdivant, R.X., 2013. Applied Logistic Regression. 
Hours, M., Chossegros, L., Charnay, P., Tardy, H., Nhac-Vu, H.T., Boisson, D., Luauté, J., 
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