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ing in Montreal.

Objective. This study aimed to estimate the impact of implementing a public bicycle share program (PBSP) on
the likelihood of self-reported collisions and near misses between cyclists and motor vehicles among cyclists liv-

Methods. A repeated cross sectional design was used. Surveys were conducted at the launch of the PBSP, at
the end of the first and second seasons of implementation. Logistic regression estimated changes in the likeli-
hood of reporting collisions or near misses.

Results. There was no evidence of a change in likelihood of reporting a collision or near miss after

implementing the PBSP. PBSP users were not at a greater risk of reporting a collision (OR = 1.53, 95%
Cl: 0.77-3.02) or near miss (OR = 1.37, 95% CI: 0.94-1.98), although confidence intervals were wide. The num-
ber of days of cycling per week was associated with collisions (OR = 1.27, 95% CI: 1.17-1.39) and near misses

(OR = 1.34,95% CI: 1.26-1.42).

Conclusions. There was no evidence of a change in the likelihood of reporting collisions or near misses in
Montreal between the implementation of the PBSP and the end of the second season. Time spent cycling was
associated with reporting a collision or near miss.

© 2013 Elsevier Inc. All rights reserved.

Public health researchers are increasingly interested in the relation-
ship between transportation and health (Saelens et al., 2003; Sallis et
al., 2006). One of the objectives of public health intervention in transpor-
tation is to promote safe and sustainable increases in cycling for trans-
portation in the population. Although many might suggest that an
increase in the number of cyclists will likely result in a commensurate
increase in the number of collisions, the safety in numbers (SIN) hy-
pothesis has made an important contribution to thinking about this rela-
tionship. The SIN hypothesis suggests an inverse though non-linear
relationship between the prevalence of cycling and the cyclist's risk of
injury due to collisions with motor vehicles (Dill and Carr, 2003; Elvik,
2009; Jacobsen, 2003; Robinson, 2005). Jacobsen (2003) shows that
the safety in numbers relationship as a power curve of 0.4 and provides
the example that a doubling of the prevalence of walking or cycling in
a community would result in a 32% increase in the number of inju-
ries (2°4 = 1.32), rather than a doubling of injuries and would thus re-
sult in a 66% reduction in the individual risk of injury, for each cyclist
(2942 = 2796 = 0.66).

Despite the appeal of the safety in numbers hypothesis in cycling
advocacy and policy making circles, there is no scientific consensus
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regarding the validity of the hypothesis (Bhatia and Wier, 2011). Of
relevance in the present study are the temporal sequence with
which changes in prevalence of cycling and likelihood of injuries
occur and the potential mechanisms that underlie the SIN hypothesis.
Jacobsen (2003) suggests that “it is improbable that the roadway de-
sign, traffic laws or social mores, all of which change relatively slowly,
can explain the relationship between exposure [to motor vehicles]
and injury rates” (p. 208). Natural experiments, which can occur
quickly, can provide insight into whether environmental changes
could explain the safety in numbers hypothesis.

Public bicycle share programs (PBSP) offer such a natural experi-
ment. Widely implemented in Western Europe and China and increas-
ingly popular in North America, PBSPs increase population access to
cycling by making bicycles available at docking stations throughout an
area within a city for a fee (Pucher et al., 2009; Shaheen et al., 2010).
For example, Montreal's bicycle-taxi (BIXI) program, North America's
largest in 2011, launched in May 2009 makes available 5050 bicycles
at 405 docking stations. Bicycles are available for a check out fee of $7
for 24 h or $78 for the season. After paying the checkout fee, the first
45 min of usage is free. Users extending their usage beyond 45 min
pay a usage fee of approximately $1.50 per 45 min.

The implementation of a PBSP allows for the evaluation of whether
implementation and use of the program are associated with increases
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in cycling and subsequent changes in the likelihood of collisions be-
tween cyclists and motor vehicle users. Our past work has shown a
2.8 times greater odds of cycling for those exposed to the PBSP com-
pared to those not exposed after the second year of implementation
in Montreal (Fuller et al.,, 2013). Local commentators suggest that this
increase has been accompanied by an increased risk of collisions be-
cause PBSP users are less likely to be experienced cyclists or may be
tourists who are not familiar with their environment (Spurr, 2012).
Our past research showed that one of the strongest correlates of bicycle
share use was cycling as your primary mode of transportation to work
prior to the implementation of the PBSP (Fuller et al., 2011). However,
the question of whether the implementation of a PBSP results in an in-
crease in the likelihood of collisions between cyclists and motor vehicle
users, and whether PBSP use is an independent risk factor when cycling
frequency, is controlled have not been examined.

The objective of this study was to estimate the impact of
implementing a public bicycle share program (PBSP) on the likelihood
of self-reported collisions and near misses among cyclists in the
population of Montreal, Canada—where the implementation of the
PBSP was associated with a statistically significant increase in the like-
lihood of cycling (Fuller et al.,, 2013). We attempted to reject the null
hypothesis that the implementation of the PBSP would not change
the likelihood of a collision or near miss for those exposed. We also ex-
amined whether PBSP use was associated with an increased risk of col-
lisions once the number of days of cycling per week was controlled.
We again used the null hypothesis that PBSP use would not change
the risk of a collision.

Methods
Design

Three cross-sectional population-based samples of adults participated in
telephone surveys. Surveys were conducted at the launch of the PBSP (May
4-June 10, 2009), at the end of the first season of implementation (October
8-December 12, 2009) and at the end of the second season of implementa-
tion (November 8-December 12, 2010). The PBSP is implemented between
May and November and removed in the winter because of snow.

The sampling frame for each survey was individuals residing on the Island of
Montreal with a landline telephone. In contacted households, the available indi-
vidual to next celebrate a birthday and aged 18 years or older could respond. To
recruit sufficient numbers of respondents exposed to the PBSP, the sampling
frame was stratified by the presence or absence of PBSP docking stations in
the residential neighborhood. In the first stratum, those residing on the Island
of Montreal were contacted via random digit dialing to landlines. In the second
stratum, landlines with Montreal postal codes matched to neighborhoods
where PBSP stations were available were oversampled. The sampling fraction
was 0.002 for each survey and there was no respondent overlap between
surveys.

Procedures

The human research ethics committee of the Centre de Recherche du
Centre Hospitalier de I'Université de Montréal granted ethical approval. A
polling firm recruited respondents who gave verbal informed consent prior
to participation. Surveys could be completed in French or English. The re-
search team trained telephone interviewers and performed quality surveil-
lance during each survey period.

Measures

Respondents who had cycled in the previous year reported if they had been
involved in a collision or near miss in the previous year. The outcome variables
were dichotomous indicators of self-reported collisions and near misses. Near
misses were measured by asking, “In the previous 12 months, have you been in-
volved in a ‘near collision’ (close call) with a motor vehicle while cycling?”

The independent variables were survey period, exposure to PBSP docking
stations, use of the PBSP during the season and the number of days that a re-
spondent cycled for at least 10 min per day in one week. A dichotomous vari-
able distinguished the pre-intervention from season 1 and season 2 survey

periods. Exposure to PBSP docking stations was operationalized as residing
within a 500-m road network buffer of a PBSP docking station. Road network
buffers of 500 m were calculated using geographic information systems and
represented a walkable distance (Fuller et al., 2011; McCormack et al., 2008).
PBSP use was operationalized by asking respondents if they had used the
PBSP at least once during the past season. Days of cycling per week were mea-
sured using the long form of the International Physical Activity Questionnaire
(IPAQ) (Craig et al., 2003). The IPAQ data were used to calculate the number
of days per week that a respondent cycled for at least 10 min.

Covariates were helmet use, density of destinations, street connectivity
and individual level sociodemographic characteristics. Respondents reported
their usual helmet use as always, often, sometimes or never. A count of parks,
grocery stores, banks, pharmacies and medical services within a 500-m road
network buffer of respondent’s home operationalized density of destinations.
The number of intersections within a 500-m road network buffer of
respondent's home operationalized street connectivity. Density of destina-
tions and street connectivity are common measures of urban form (Riva et
al., 2008, 2009). Sociodemographic variables of age, sex, education, employ-
ment status and income were obtained using questions from the 2006 Cana-
dian Census (Statistics Canada, 2006) or with other standard questions
(Table 1).

Data analysis

Post-stratification weighting by age and sex using the 2006 Canadian census
data was applied to all analyses. Difference in differences (DD) estimation using
logistic regression was used. DD estimation is commonly used for evaluating
non-randomized interventions (Card and Krueger, 1994; Meyer, 1995).

Separate logistic regression models examined associations between survey
period, residential exposure to PBSP docking stations, PBSP use and days of cy-
cling per week with reported collisions and near misses adjusting for covariates.
The main effect of survey period examined the association between the imple-
mentation of the PBSP and the likelihood of collisions and near misses through-
out Montreal. The main effect of exposure examined the association between
exposure to PBSP docking stations and likelihood of collisions and near misses
pooled across time periods. The interaction term between survey period and ex-
posure tested the hypothesis that the likelihood of a reported collision or near
miss was different for respondents exposed to the PBSP following its implemen-
tation in comparison to respondents not exposed following implementation.
The interaction term controls for confounders that do not change over time
and for common time trends in exposed and non-exposed groups (Meyer,
1995). Additionally, the number of collisions and near misses per 100 days of
cycling in each survey period was calculated.

Results

Analysis showed that 45.3% (n = 906), 47.92% (n = 1199) and
57.9% (n = 1202) of respondents had cycled in the past year at the
pre-intervention, season 1 and season 2 survey periods, respectively.
The analysis sample consisted of respondents with no missing data dur-
ing each survey period. The analysis samples were n = 847 (6.5% miss-
ing) for the pre-intervention period, n = 1100 (8.3% missing) for
season 1 and n = 1190 (1.0% missing) for season 2. Of respondents
reporting cycling, 6.6% (n = 56), 3.7% (n = 41) and 1.8% (n = 21)
reported being involved in a collision whereas 12.2% (n = 103), 12.4%
(n = 136) and 11.7% (n = 139) of respondents reported a near miss,
respectively, in each time period (Table 2).

Collisions

Table 3 and Fig. 1 present the results of logistic regression analyses
examining collisions and near misses. Results for collisions showed
that there was no evidence of a change in the likelihood of reporting a
collision at season 1 (OR = 1.07,95% CI: 0.51-2.25) and a significant re-
duction in the likelihood of a collision at season 2 (OR = 0.35; 95%
CI: 0.15-0.78) compared to pre-intervention. Exposure to PBSP docking
stations (OR = 1.34, 95% CI: 0.57-3.11) did not appear to be associated
with the likelihood of reporting a collision. The interaction term (survey
period x exposure to PBSP docking stations) showed evidence of
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