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Effects of new dock-less bicycle-sharing
programs on cycling: a retrospective

study in Shanghai

Yingnan Jia,"? Ding Ding,>* Klaus Gebel,*>*® Lili Chen,'? Sen Zhang,'?

Zhicong Ma,"? Hua Fu'?

ABSTRACT

Objectives To examine (1) the effect of new dock-less
bicycle-sharing programmes on change in travel mode and
(2) the correlates of change in travel mode.

Design A retrospective natural experimental study.
Setting 12 neighbourhoods in Shanghai.

Participants 1265 respondents were recruited for a
retrospective study in May 2017.

Main outcome measures Prevalence of cycling before
and after launch of dock-less bicycle-sharing programme.
Results The proportion of participants cycling for
transport increased from 33.3% prior to the launch of the
bicycle-sharing programmes to 48.3% 1 year after the
launch (p<0.001). Being in the age group of 30—49 years
(OR 2.28; 95% Cl 1.30 to 4.00), living within the inner

ring of the city (OR 2.27; 95% Cl 1.22 to 4.26), having
dedicated bicycle lanes (OR 1.37, 95%Cl 1.12 to 1.68)
and perceiving riding shared bicycles as fashionable (OR
1.46, 95% Cl 1.21 to 1.76) were positively associated

with adopting cycling for transport. Access to a public
transportation stop/station (OR 0.82, 95% Cl 0.67 to

0.99) was inversely correlated with adopting cycling for
transport.

Conclusions Dock-less bicycle sharing may promote
bicycle use in a metropolitan setting. Findings from this
study also highlight the importance of cycling-friendly built
environments and cultural norms as facilitators of adopting
cycling.

INTRODUCTION

Regular physical activity (PA) reduces the
risk of major chronic diseases and premature
mortality." However, around the world, large
proportions of the population are not suffi-
ciently active or completely inactive which
has significant health and economic conse-
quences.”” Active transportation by cycling
has the potential to contribute consider-
ably to overall activity levels of adults and
is associated with significant health bene-
fits.”'! Moreover, greater use of bicycles for
day-to-day travel provides wider benefits,
including reductions in carbon emissions,
air pollution and traffic congestion.'” '* In
Chinese cities, cycling used to be a conven-
tional mode of travel for most people, to the

Strengths and limitations of this study
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» An ecological framework can guide inquiry into a
more comprehensive understanding of the factors
that influence cycling behaviours.

» This study is the first to quantitatively evaluate

whether the introduction of dock-less bicycle-shar-

ing programmes leads to more cycling.

All measures were based on self-reports.

This study applied a retrospective design, due to

practical reasons outlined earlier. This limits causal

inference from the current study.

» It could not verify whether the significant change
from inactive transport modes to cycling has in-
creased physical activity at the population level.

vy

point that the country was once referred to
as the ‘Kingdom of Bicycles’."” However, since
the turn of the century, Chinese cities have
become increasingly cycling-unfriendly due
to increasing car ownership and car-oriented
urban planning policies such as the conver-
sion of non-motorised to motorised lanes and
banning non-motorised vehicles from arterial
roads in some cities."” With the economic
development and booming car industry,
between 2002 and 2010-2012, the propor-
tion of people using motorised transport as
the main mode of transportation increased
from 33.5% to 61.9%, while the proportion
travelling by bicycle and walking decreased
from 35.8% and 30.7% to 15.6% and 22.5%,
respectively.14

As a strategy for promoting cycling and
sustainable transportation overall, public bicy-
cle-ssharing programmes (PBSPs) have been
introduced in many cities around the world
to provide bicycles as a mode of transporta-
tion for relatively short trips and to bridge
‘the last mile’ of public transport services.'” '
These PBSPs usually have docking stations
where users obtain and return the rental
bicycles.17 Although some studies have shown
that cycling has increased in some cities
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since the introduction of PBSPs, such as Washington,
DC, Dublin, Beijing and Hangzhou, China, there are still
some common problems and challenges for conventional
PBSPs, which may have limited their reach and usage at
a population level, such as reliance on docking stations,
inconvenience in payment and insufficient supply of
shared bicycles.'” *2

With the increasing popularity of smart phone
payments, global positioning system (GPS) tracking
and other technology, dock-less bicycle sharing provides
new opportunities for promoting active travel and PA.*!
Dock-less PBSPs use mobile-controlled wheel lock and
GPS tracking, so that users can locate the nearest bicycle,
unlock and lock the bicycle, and pay (usually, around ¥1—
US$0.15 per half hour) through a mobile app. Moreover,
some of the shared bicycles (eg, Mobike) have solid tires,
which are durable and low maintenance. Dock-less PBSPs
are currently deployed in many cities in China such as
Shanghai, Beijing and Guangzhou.” As of May 2017,
a total of 10million dock-less shared bicycles had been
deployed in China, 1.5million of which in Shanghali,
which even led the government to ban additional shared
bicycles.”* ** Despite the rapid growth in dock-less PBSPs,
there is very limited evidence on whether dock-less PBSPs
can change travel modes at the population level.*

Furthermore, the introduction of bicycle-sharing
schemes alone may not lead to population-level uptake,
as various other factors may need to be present to facili-
tate population-level cycling. In line with socioecological
models, previous research suggests that population-level
cycling behaviour is associated with a range of individ-
uallevel and environmentallevel characteristics.”>>
However, these socioecological correlates have rarely
been examined in evaluations of PBSPs and remain
important research gaps.

Therefore, this study aims to (1) evaluate whether the
introduction of dock-less PBSPs leads to more cycling
and (2) to examine correlates of initiation of cycling,
including sociodemographic characteristics and aspects
of the built and social environment.

MATERIALS AND METHODS

Patient and public involvement

A retrospective study was conducted in May 2017. An inter-
cept convenience sample survey was conducted among
residents from 12 neighbourhoods. On approaching
potential participants, information about the study was
provided and written informed consent was obtained
before participating in the study. Participants have the
right to find out the results of the study by contacting the
member of the project.

Intervention

Dock-less bicycle-sharing systems can be considered as
a city-level intervention for travel mode. The system was
officially launched in Shanghai in April 2016. By July
2017, there were more than 13million registered users

and more than lmillion dock-less shared bicycles in
Shanghai.”® The development of dock-less shared bicy-
cles was so rapid in China that it limited opportunities
for prospective data collection or inclusion of a control
city that is comparable to Shanghai, but without a bicy-
cle-sharing system. Therefore, a retrospective study design
was used.

Study areas and recruitment of participants

To explore the correlates of travel mode, a two-stage
sampling method was employed. First, based on the
Shanghai Transportation Map, the city was divided into
four areas: within the inner ring, between the inner and
middle rings, between the middle and outer rings, and
beyond the outer ring. Then, three neighbourhoods
were selected in each of the four areas of Shanghai by
purposive sampling. The selection criteria for neighbour-
hoods were as follows: (1) within 1-2km distance from
the nearest subway station; (2) the number of residents
within the neighbourhood was more than 1000. Within
each selected neighbourhood, trained interviewers
conducted at least 100 self-administered intercept surveys
in May 2017. The inclusion criteria for participants were
(1) being 18-70 years old; (2) having lived in the selected
neighbourhood for more than 3 months and (3) being
physically capable of riding a bicycle. Altogether, 1265
respondents were sampled from 12 neighbourhoods.
After excluding 100 respondents with more than 20%
missing data, 1165 respondents (92.1%) remained in the
analysis.

Measurements

Travel mode

Travel mode before and after the advent of the dock-less
PBSPs was assessed by asking respondents two questions:
(1) How did you travel most of the time before the advent
of dock-less PBSPs? (2) How have you been travelling most
of the time after the advent of dock-less PBSPs? Respon-
dents selected one of the following options, including
walking, cycling, by car, public transport (subway, bus,
ferry and shuttle bus), motorcycles/electric motorcy-
cles, combined public transport with walking (>500m),
combined public transport with cycling, do not travel
(staying at home) and other. According to respondents’
travel mode before and after the advent of dock-less
PBSPs, they were classified into cyclists and non-cyclists
at both time points. Cyclists were defined as participants
who travelled by bicycle or those who combined cycling
and public transport most of the time.

Perceived bikeability

To date, only few instruments have been developed to
measure perceived bicycle-friendliness of neighbourhood
environments and most of these were developed for the
physical environments of Western countries.”’ A new
scale for measuring Chinese neighbourhood bikeability
was developed based on existing instruments, literature
reviews, field visits and expert consultation. Specifically,
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we adopted five questions (ie, distance to a public trans-
portation stop/station, access to destinations, physical
condition of bicycle lanes, maintenance of lanes and vege-
tation/shade along the bicycle lanes) from the Chinese
Walkable Environment Scale for urban community resi-
dents.” Based on consultation with several Chinese local
PA experts to discuss potential correlates and determi-
nants of cycling, we added four questions to the survey,
including the presence of dedicated bicycle lanes, and
the degree to which traffic violations, traffic volume and
motorbikes/electric scooters impede cycling. Finally,
this instrument was pilot tested and adjusted prior to the
survey. All bikeability variables were on a 5-point scale
and the composite score was analysed as a continuous
variable. More details about the questions are provided in
online supplementary appendix 1.

Social norms

Two survey items assessed social norms: ‘Riding dock-
less shared bicycles is fashionable’ and ‘Riding dock-less
shared bicycles represents low socioeconomic status’.
Each item was rated on a 5-point scale, from 1 (strongly
disagree) to 5 (strongly agree).

Demographic variables and other covariates

Self-reported  sociodemographic variables included
gender, age, education, personal monthly income
and marital status. Age was categorised as <30, 30-49
and 250 years. Educational attainment was categorised
as Sjunior high school, high school/technical secondary
school, junior college, and university and higher. Monthly
income was categorised as <¥2000, ¥2000-¥4999, ¥5000—
¥9999 and Z¥10000 (¥1=US$0.15 in May 2017). In addi-
tion, questions about motor vehicle and bicycle ownership
and characteristics of the commute were asked, including
the following: (1) whatis the distance between your home
and work/college/university and (2) how long does it
take you to go to work/college /university every day, both
of which were converted to categorical variables.

Statistical analysis

McNemar’s test was used to examine the change in travel
mode after the introduction of the dock-less PBSPs.
To explore the potential correlates of change in travel
mode, we focused on the participants who did not cycle
before the bicycle sharing became available and classi-
fied them as those who (1) changed from not cycling to
cycling and (2) remained not cycling as their travel mode.
More details can be found in figure 1. Because the data
were hierarchical in nature (individuals clustered within
neighbourhoods), we explored multilevel modelling.
However, on examination of the outcome variable, we
decided against multilevel modelling because the intra-
class correlation coefficient was 0.0645 and we only found
a significant random effect in 1 out of 12 neighbour-
hoods. Therefore, logistic regression was conducted to
examine the association of sociodemographic variables,
perceived bikeability and social norms with change in

Assessed for eligibility
(n=1265)

Excluded (n=100)
¢ Not meeting inclusion
criteria

Assessed for descriptive analysis
(n=1165)

Excluded (n=10)
¢ Missing >20% data

Analysed for logistic regressions (n= 678)
¢ Excluded from analysis (n= 358)

(the participants who cycled before the advent
of the mobile bicycle-sharing programs)

¢ Excluded from analysis (n =119)
(The participants who reported “staying at home/
don’t work” either before or after the advent of

the mobile bicycle-sharing programs)

Figure 1 Participants flow.

cycling behaviour. Sequential modelling was used with
model 1 including only sociodemographic variables,
model 2 including sociodemographic and bikeability vari-
ables and model 3 additionally including social norms.
Statistical analysis was performed using the SPSS V.20.0
(SPSS) and the significance level was set at 0.05.

RESULTS

The demographic characteristics of the study sample
are reported in table 1. The final sample consisted of
1165 participants from 12 neighbourhoods. Nearly 40%
of the participants were 30-49 years old, and over 75%
were married. More than 40% reported an income
level between ¥2000 and ¥4999/month. Over 75% of
the participants owned bicycles, while nearly half of the
participants had motor vehicles. The average distance
from work/college/university was 5.6km, while the
average commuting time was 26.6 min.

Change in travel mode
Before the launch of the dock-less PBSPs, 33.3% of
the participants cycled for transport which increased
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Table 1 Participant characteristics
Variable n (%)
Gender

Male 587 (50.5)

Female 575 (49.5)
Age, years

18-29 297 (25.5)

30-49 460 (39.5)

>50 408 (35.0)
Education

Junior high school 289 (25.2)

High school/technical secondary school 339 (29.5)

Junior college 210 (18.3)

University and above 310 (27.0)
Personal monthly income (¥)

<2000 203 (17.5)

2000-4999 504 (43.4)

5000-9999 329 (28.3)

>10000 125 (10.8)
Marital status

Married 891 (76.5)

Unmarried/divorced/widowed 274 (23.5)
Area of residence

Within the inner ring 284 (24.4)

Between the inner and middle rings 265 (22.7)

Between the middle and outer rings 316 (27.1)

Beyond the outer ring 300 (25.8)
Ownership of bicycle

Yes 879 (75.5)

No 286 (24.5)
Ownership of motor vehicle

Yes 550 (47.2)

No 615 (52.8)
Distance from work/college/university

<1.5km 282 (25.0)

1.5-5km 432 (38.2)

>5km 319 (28.2)

Staying at home/not working 97 (8.6)
Commuting time (one way)

<15min 359 (31.8)

15-30min 416 (36.8)

>30min 257 (22.8)

Staying at home/not working 97 (8.6)

significantly to 48.3% after the launch (p<0.001). Among
the participants who usually travelled by car/motorcy-
cles/electric motorcycles, walking/walking combined
with public transport and public transport before the

launch of the dock-less PBSPs, there were 115 (28.4%),
50 (28.2%) and 28 (29.2%) participants who adopted
cycling as their primary travel mode after the launch,
respectively.

Correlates of initiating commuting cycling

As shown in table 2, in model 1, among 645 participants
who did not report cycling commuting cycling at base-
line, those who were <30and 30-49 years old had more
than twice the odds of adopting commuting cycling than
participants who were 50 and older. Participants who
lived within the inner ring had more than twice the odds
to adopt cycling compared with those who lived in the
area between the inner and middle rings. Participants
living >5km from work/college/university had more
than twice the odds of initiating cycling compared with
those living within 1.5km from work/college /university.
In model 2, presence of dedicated bicycle lanes was posi-
tively associated with adopting cycling. Model 3 showed
that participants who owned motor vehicles were more
likely to adopt cycling than those without motor vehi-
cles. In model 3, access to a public transportation stop/
station was inversely associated with adopting cycling, and
perceiving riding dock-less shared bicycles as fashion-
able was positively correlated with adopting cycling. The
perception that riding dock-less shared bicycles represents
low socioeconomic status was inversely correlated with
adopting cycling.

DISCUSSION

This is the first community-based study to evaluate
the effect of new dock-less PBSPs on cycling for trans-
port. Over the last 30 years, China has witnessed rapid
economic development and a booming car industry
and consequentially, a dramatic decrease in cycling.'*™"*
With the introduction of dock-less PBSPs, we found that
the proportion of participants that cycled for transport
increased significantly from 33.3% to 48.3%.

Nearly 30% of the participants who usually travelled
by car/motorcycles/electric motorcycles adopted cycling
after the launch of dock-less PBSPs. In comparison, a study
that evaluated conventional PBSPs with docking stations
showed that in Beijing, Shanghai and Hangzhou, 5.2%,
0.46% and 4% of car trips were replaced by bicycle.”
Another study on members of bike-sharing programmes
revealed that in Montreal, Toronto, Washington, DC,
Minneapolis-Saint Paul, 40% of members reduced
their number of car trips while only 0.4% of members
increased their car trips.”* ** Studies about PBSPs with
docking stations in Barcelona, London, Montreal and
Washington, DC have all reported low transfer rates from
car journeys to shared bicycles.'® * It appears that dock-
less PBSPs might have the potential to be more effective
and to have a wider reach in promoting cycling than
conventional PBSPs.? %7 However, it is important to take
into account that the effect sizes are not comparable
because our study used individual-level data and previous
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Model 1 (n=645)t Model 2 (n=641)% Model 3 (n=641)§
Demographic characteristics OR (95%Cl) OR (95% Cl) OR (95% Cl)

Female (ref) 1.00 1.00 1.00

Age (years)

30-49 2.26(1.3210 3.87)*  2.31 (1.33 to 4.00)"* 2.28 (1.30 to 4.00)™*

Education

Junior college 0.95 (0.57 to 1.59) 0.91 (0.53 to 1.54) 0.86 (0.50 to 1.48)

Junior high school 0.88 (0.4510 1.72) 0.83 (0.42 to 1.66) 0.75 (0.38 to 1.52)

Unmarried/divorced/widowed (ref) 1.00 1.00 1.00

Personal monthly income (¥)

5000-9999 1.26 (0.70 to 2.27) 1.25 (0.68 to 2.30) 1.29 (0.70 to 2.41)

<2000 0.94 (0.41 to 2.15) 0.86 (0.37 to 2.02) 1.01 (0.42 to 2.41)

Within the inner ring (ref) 1.00 1.00 1.00

Between the middle and outer ring 0.92 (0.56 to 1.51) 0.78 (0.46 to 1.31) 0.72 (0.43 t0 1.23)

Ownership of motor vehicle

Yes 1.37 (0.95 to 1.98) 1.45 (0.99 to 2.12) 1.53 (1.04 to 2.25)*

No (ref) 1.00 1.00 1.00

Distance from work/college/university

1.5-5km 1.28 (0.73 to0 2.24) 1.27 (0.71 t0 2.27) 1.33 (0.73 t0 2.39)

Commuting time (one way)

15-30min 0.96 (0.57 to 1.61) 0.97 (0.57 to 1.65) 0.93 (0.54 to 1.60)

Perceived bikeability

Access to a public transportation stop/ 0.83 (0.68 to 1.01) 0.82 (0.67 to 0.99)*
station
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Table 2 Continued

Demographic characteristics

Model 1 (n=645)t

Model 2 (n=641)

Model 3 (n=641)§

OR (95%Cl)

OR (95%Cl)

OR (95%Cl)

Physical condition of bicycle lanes
Maintenance of lanes

Vegetation/shades along the bicycle lanes
Traffic violation as a barrier

Traffic volume as a barrier

1.19(0.89 to 1.59
0.81 (0.60 to 1.08
1.29 (0.97 to 1.71
1.01 (0.79to 1.29
1.14 (0.87 to 1.49

1.15 (0.85 to 1.54)
0.82 (0.61 to 1.11)
1.23 (0.91 to 1.65)
1.01 (0.79 to 1.29)
1.18 (0.90 to 1.56)

Motor bikes/electronic scooters as barriers
Social norms

Riding dock-less shared bicycles perceived
as fashionable

Riding dock-less shared bicycles represents
low socioeconomic status

—_ T = = = =

0.99 (0.76 to 1.29 0.96 (0.74 to 1.26)

1.46 (1.21 to 1.76)*

0.91 (0.76 to 1.08)

All analyses are restricted to those who did not report cycling as the main mode of transport at baseline.

*P<0.05, **P<0.01.

TModel 1 adjusted for demographic variables, including gender, age, education, marital status, personal monthly income, area, ownership of
motor vehicle, ownership of bicycle, distance from work/college/university and commuting time (one way).

FModel 2 adjusted for all variables in model 1+ perceived environmental variables, including presence of dedicated bicycle lane, access to a
public transportation stop/station, physical condition of bicycle lanes, maintenance of lanes, vegetation/shades along the bicycle lanes, traffic
violation as a barrier, traffic volume as a barrier and motor bikes/electronic scooters as barriers.

§Model 3 adjusted for all variables in model 2+ social norms variables.

evaluations used trip-level data. We offer several potential
explanations for the potentially more effective dock-less
PBSPs based on previous studies as follows. First, enough
bicycles per resident (more than 50 bicycles per 1000
resident in Shanghai) and the GPS positioning function
allow for better access to bicycles.%_40 Second, conven-
tional PBSPs in China require local ‘HuKou’ (a perma-
nent residency system unique to China) and are therefore
not available to visitors and temporary residents. Instead,
dock-less PBSPs are available to all who have registered
an account online.” Third, a fully dock-less system makes
it convenient for users to pick up and drop off bicy-
cles wherever they want. Fourth, the provided bicycles
are durable, attractive and practical.”™® ** Lastly, mobile
payment is instantaneous and convenient. However, it is
important to note that a prerequisite for successful dock-
less PBSPs is the ubiquity of mobile payment, as is the case
in China."

Based on our preliminary evidence, one may conclude
that dock-less PBSPs have great potential for cycling
promotion in China. Perhaps a key ingredient for the
success of dock-less PBSPs in Shanghai is China’s history
of cycling as a social norm.* Another reason for the
success of dock-less PBSPs is that they have been created
and promoted by the private sector which has vested
interest in the wide adoption of shared bicycles. Business
competition stimulates continuous development and
improvement of bicycle-sharing technology and promo-
tion of cycling at the population level.*’

However, dock-less PBSPs are not guaranteed to be
more effective than conventional PBSPs in all settings.
A report on bike share in the USA in 2017 showed that

station-based systems produced an average of 1.7 rides per
bike per day, while dock-less bike-share systems nation-
ally had an average of about 0.3 rides per bike per day.**
Several factors might explain these differences. First, it
is difficult to control the distribution of dock-less shared
bicycles, resulting in insufficient bicycles in some areas
and overcrowding in others.”” Second, nearly one-third
of station-based bicycle share systems have income-based
discount programmes, making renting station-based bicy-
cles cheaper and potentially more appealing for low-in-
come groups.* Third, station-based and dock-less BSPSs
may appeal to different types of riders. Some evidence
from USA suggests that station-based bicycle share trips
are mainly for commuting, while dock-less bicycle-share
trips suggested more recreational use.**

To date, few studies have examined correlates of
adopting cycling in the context of newly introduced
PBSPs. With the rapid development and popularity of
dock-less PBSPs, it is necessary to examine potential
correlates of adopting commuting cycling. We found that
younger participants were more likely to adopt cycling,
which is consistent with previous studies.** Gender and
education were not related to adopting cycling, which is
consistent with a study conducted in Beijing, but different
to results from other studies from the USA, Spain and the
UK which found that males and those with higher educa-
tion were more likely to cycle.”® ¥ Previous evidence
on the associations between income and cycling was
mixed, and our findings suggest no association between
income and change in travel mode.?” * *" % It is note-
worthy that we found positive associations of commuting
distance and car ownership with adopting cycling, which
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is counterintuitive and different from previous find-
ings."™ *" A potential explanation is that those who
lived within walking distance (<1.5km) to work/college/
university may not own a car or have considered cycling,
so bicycle sharing was most likely to affect those who
lived relatively far away from work/college/university
and previously travelled by car because they could not
easily access public transportation stops/stations without
shared bicycles.

Among the perceived bikeability of the environ-
ment, presence of dedicated bicycle lanes were posi-
tively associated with change in travel mode which is
in line with several other studies, including some from
Beijing.?” " °'~ Among them, a study in India suggested
that dedicated bicycle lanes were the most important
attribute of bicycle infrastructure.” A study from Beijing
found that the perception that bicycle lanes being taken
over by motorised vehicles is a key deterrent for people
to switch to cycling."” On the other hand, consistent with
other studies, we found an inverse association between
access to a public transportation stop/station and
adopting cycling.”” ** Unlike some previous studies, we
did not find an association between other aspects of the
bikeability of the environment, such as traffic safety and
aesthetics, with adopting cycling,?” *¢ #5152

Another finding from our study relates to social norms.
Although previous studies have found effects of attitudes
towards cycling and other modes of transportation on
mode choice, our study examined effects of both posi-
tive and negative attitudes towards cycling.”™™ Our
data showed that the perception that riding dock-less
shared bicycles is fashionable was positively correlated
with adopting cycling while considering riding dock-less
shared bicycles representing low income was inversely
correlated with switching to cycling. This finding high-
lights that promoting positive social norms may be critical
to increasing cycling at the population level.

Dock-less PBSPs provide new opportunities for active
travel, but also pose challenges for their management®'
Several related issues have been raised: such as road and
pedestrian safety concerns, bicycle dumping, crowding
footpath and vandalism.*" ® We discuss a few suggestions
for better management of PBSP planning and manage-
ment, as follows. First, public bike-sharing operators and
local governments should consider what types of systems
are the most effective for linking bike sharing with public
transit and vehicle-sharing systems according to popu-
lation density and land use.” * °' Second, local govern-
ments should assess the social and environmental impacts
of new bike-sharing programmes.”’ Besides quantitative
assessment, some in-depth qualitative evaluations should
be encouraged.” * Third, companies that run dock-less
bike-sharing programmes should be open to sharing more
data about bike usage with local governments to facilitate
evaluations, so that the local governments can better
support the development of bike-sharing programmes
to help achieve goals of safety, equity and sustainable
mobility,** **

Strengths and limitations

There are some limitations to this study. First, all measures
were based on self-report, however, the measures have
been validated.” Second, this study applied a retrospec-
tive design due to practical reasons outlined earlier. This
limits causal inference from the current study. Third,
because we did not collect total PA levels at two time
points, we could not determine whether those who have
adopted cycling have become more physically active
overall.

CONCLUSION

We found that dock-less bicycle sharing can be effective
in increasing bicycle use and might have the potential
to be scaled up internationally. To maximise the impact
of dock-less PBSPs at the population level, improving
attributes of the built environment, such as dedicated
bicycle lanes, and promoting positive social norms about
cycling should be considered. The rapid development
and popularity of dock-less PBSPs provides new opportu-
nities for active travel, but also poses challenges for their
management. Operators of dock-less PBSPs and local
governments should work together to create better built

environment and social norms for promoting active travel
and PA.
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