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In recent years, there has been rapid development in bicycle-sharing systems (BSS) inChina.Moreover, such schemes are considered
promising solutions to the 
rst/last mile problem. 	is study investigates the mode choice behaviors of travelers for 
rst/last mile
trips before and a�er the introduction of bicycle-sharing systems. Travel choice models for 
rst/last mile trips are determined
using a multinomial logit model. It also analyzes the di�erences in choice behavior between the young and other age groups. 	e

ndings show that shared bicycles become the preferred mode, while travelers preferred walking before bicycle-sharing systems
were implemented. Gender, bicycle availability, and travel frequency were the most signi
cant factors before the implementation of
bicycle-sharing systems. However, a�er implementation, access distance dramatically a�ects mode choices for 
rst/last mile trips.
When shared bicycles are available, the mode choices of middle-aged group depend mainly on gender and access distance. All
factors are not signi
cant for the young and aged groups. More than 80% of public transport travelers take walking and shared
bicycles as feeder modes.	e proposedmodels and 
ndings contribute to a better understanding of travelers’ choice behaviors and
to the development of solutions for the 
rst/last mile problem.

1. Introduction

	e 
rst/last mile trips have been paid enough atten-
tion because of the important role they play in promot-
ing public transport seamless connection with travel ori-
gins/destinations. 	e 
rst/last mile problem that can be
de
ned as the challenges caused by the built and social
environment [1] and public transport service availability
in the 
rst/last leg of the trip generally exist in di�erent
worldwide cities. 	e built and social environment includes
land use mix, neighborhood design, distance from and to
public transportation, employment opportunities, and other
related factors. 	e problem not only in�uences travelers’
mode choices for an entire trip but also a�ects how transit
users arrive at their boarding stations or destinations a�er
alighting from public transit stations [1]. Although some

countermeasures have been taken to solve this problem, such
as improving the built environment and providing minibus
services for those areas that regular bus services cannot reach,
it is still an extensive issue. Because it is limited by physical
conditions (such as road widths and a lack of bus terminals),
transit agencies have di�culties in providing better feeder
services for 
rst/last mile trips. Other transportation modes,
especially nonmotorized transport systems [2], could be
improved to complement the travel service in the hindered
areas of public transport and thereby provide convenient
transfers to public transportation.

In the last few decades, automobile ownership has
increased signi
cantly in China. Consequently, tra�c con-
gestion and tra�c pollution problems have arisen. In
response to these problems, regulations that restrict automo-
bile purchase and usage have been introduced and applied in
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some of China’s cities. Bicycle as a sustainable travel mode
began to be advocated. Bicycle-sharing programs including
public and private bicycle-sharing systems were initiated
under this circumstance.

Beijing public bicycle-sharing system, launched in 2012,
had attracted 410,000 subscribers and 94,000 trips each day
on average by the end of 2016 [3]. In 2015, private bicycle-
sharing systemsdeveloped quickly inChina. By June 2018, 165
cities in China had private bicycle-sharing systems operated
by the Mobike Company [4], one of the most well-known
bicycle-sharing businesses. In 2017, more than 2 million
shared bicycles were introduced into Beijing, attracting 11
million subscribers. Approximately 7million trips were taken
using shared bicycles each day [5]. According to a White
Paper survey, market share of bicycle traveling in China has
increased from 5.5% to 11.6%; moreover, automobile travel
has decreased from 29.8% to 26.6% since bicycle-sharing
systems were implemented [6]. It is speculated that, to some
extent, the introduction of shared bicycles has contributed
to the alleviation of tra�c congestion and the promotion of
sustainable transport for short-distance travel [7].

Compared with private bicycles, bicycle-sharing systems
avoid the issue of bicycle the� and provide more �exible
services. With the rapid development of such schemes,
travelers’ choices for trips are becoming more numerous and
convenient, especially for short-distance trips. 	is study is
conducted to understand travelers’ preferences for shared
bicycles more clearly and measure the change in travelers’
mode choices for 
rst/last mile trips a�er the introduc-
tion of bicycle-sharing systems. 	e primary contributions
of this paper are in exploring how shared bicycles a�ect
traveler’s mode preference for 
rst/last mile trips through
survey design and travel behavior modelling, determining
the important factors for shared bicycle use, and providing
insights for bicycle-sharing systems and bicycle-transit inte-
gration improvement.

	e rest of this paper is organized as follows. Section 2
presents a literature review of recent research on shared-
bicycle schemes, in particular the in�uence of shared bicycles
on travelers’ choice behaviors. 	e research design, including
the city context, data collection, and methodology, is pre-
sented in Section 3. Section 4 shows the modelling results,

ndings, and policy implications. Section 5 provides the
conclusion and discusses the scope for future studies.

2. Literature Review

	is section includes a literature review of the 
rst/last mile
problem, integrated network design and solutions, shared-
bicycle characteristics, the in�uence of bicycle-sharing sys-
tems on travelers’ choice behaviors, and bene
ts from
cycling-transit integration.

Public transport provides a long-distance traveling ser-
vice; however, it cannot stretch to every corner of a city in
the same way as an automobile. As a result, the 
rst/last
mile problem is common due to the limited connectivity and
�exibility of traditional public transit. Numerous researches
on transit network design integrating �exible transit with

xed-route transit [8–11] have been carried out and �exible

transit services have been applied to o�er alternatives for

rst/last mile feeder services [11]. However, from the envi-
ronmental and economical perspective, bike-and-ride seems
to o�er the most cost-e�ectiveness and long-term potential
to the park-and-ride and feeder bus [12]. With the rapid
development of shared economy and the big success of shared
bicycles, bicycle-sharing systemshave been promoted to solve

rst/last mile problems and as a substitute mode of motor
vehicles in short-distance trips. One of the most critical
steps is to ensure the perfect integration between bicycle
and transit network. In the past decades, there are growing
studies about bicycle network design including bicycle paths
and stations considering its integration with public transit
services. Lin et al. [13] proposed a mathematical model
for bicycle system strategic plan, which considers both the
travelers’ and investors’ cost and service level. 	e design
incorporates the bike lanes, number and location of bicycle
stations, and travel paths between each origin and destina-
tion. But the actual street network was not considered and
travel demand was assumed to be normally distributed. Nair
and Hooks [14] developed an equilibrium network model
to determine the optimal con
guration of a vehicle-sharing
(including bicycles, cars, or electric vehicles) system. In this
model, travel demand was assumed to be 
xed. Liu et al.
[15] put forward a new public transit network that considers
bus and bicycle network design simultaneously rather than
designing the two networks separately to make the integrated
network more e�ective. However, few of the network design
problems that integrate bicycle and other main transit mode
networks considered varying travel demand and real street
network con
guration. Also, rational travel choice behavior
was assumed. 	ese assumptions or conditions are mainly
made to decrease the complexity of the model and compute
easily.

Despite various di�culties and challenges, practices in
solving 
rst/last mile problems have been proven to be suc-
cessful. According to experiences learned from Europe and
Japan, cycling to public transport may be the most promising
and cost-e�ective strategy to promote public transport use
and reduce automobile dependence [16]. 	e bene
ts of
bicycle-public transport integration have been well recog-
nized; for example, it increases accessibility to sustainable
transportation, saves the cost of park and ride infrastructures,
and improves the neighborhood environment [17].

In 1965, the 
rst generation of bicycle-sharing programs
was launched in Amsterdam. 	e second and third gen-
erations were born in 1990s and also launched in Europe.
	e great success of the third generation of bicycle-sharing
programs in Paris (2007) generated enormous interest in
the shared-bicycle mode throughout the world. Countries
outside Europe including Brazil, Chile, China, New Zealand,
South Korean, Taiwan, and USA began to introduce the
bicycle-sharing program [18]. Shared bicycles are one of the
fastest growing modes of shared mobility and have been
increasing in popularityworldwide in recent years. By the end
of 2017, more than 23 million shared bicycles were available
around the globe and 304 cities in more than 20 countries
had implemented bicycle-sharing systems [19]. In 2017, there
were more than 20 million shared bicycles in China and 22.1
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million subscribers [20]. More than 200 cities in China have
implemented bicycle-sharing systems. 	e penetration rate
of shared bicycles operated by Mobike Company in Beijing
reaches 1.5% (the number of bicycles divided by the number
of people in Beijing). According to surveys in America,
Australia, Spain,UK, andChina [21–23], the average traveling
distance by shared bicycles is 3–4 km. More than 60% of
trips by shared bicycles are for commuting. Research also
suggests that individual and sociodemographic attributes and
the built environment directly in�uence travel choices among
bicycles, automobiles, and public transit [24]. 	e signi
cant
factors include trip distance, gender, automobile owner-
ship, monthly income, and the length of exclusive bicycle
lanes.

	e introduction of bicycle-sharing systems has sig-
ni
cantly in�uenced travelers’ choice behaviors. Accord-
ing to statistical results of Montreal, Toronto, Washington,
D.C., and Minneapolis-Saint Paul, percentages of automobile
ownership have decreased by 3.6%, 2.0%, 2.1%, and 1.9%,
respectively, as a result of bicycle-sharing system imple-
mentation. Moreover, 36%, 25%, 41%, and 52%, respec-
tively, of shared bicycle users drive less in these four cities
[25]. 	e 
ndings also show that bicycle sharing acts as a
better substitute and complement for public transportation
in North American cities, depending on the developing
level of public transportation systems. Wang and Liu [26]
analyze the trend of bicycle integration in USA, using
National Household Travel Survey (NHTS) data for 2001-
2009. 	e evidence indicates that bicycle-transit integration
has becomemore popular over recent years, especially among
commuters and for middle/longer-distance travel. Kager et
al. proved that cycling-train integration results in higher
travel speeds and alternative access stations in Netherlands
[27]. In another paper, Kager and Harms [28] proposed the
bene
ts of cycling-transit integration for traveler (travel time
savings, avoiding transfers, increased accessibility, etc.), tran-
sit operator (more concentrated and organized travel �ows,
increased passenger �ows and activity around main stations,
improved e�ective capacity, etc.), and urban agglomerations
(improved accessibility, increased liveliness of public space,
and increased national competitiveness). 	ey also took
Netherlands as an example and analyze these components,
mechanisms, and e�ects. Based on actual users and trips of
bicycle-transit integration, Shelat et al. [29] found that the
bicycle-transit combined trip has longer average distance,
indicating that the integration mode may be more appro-
priate for longer trips. Research has also been conducted to
demonstrate the impact of public transportation disruption
on bicycle-sharing patterns. In London, such disruption has
caused total bicycle-sharing trips and their durations to
increase by 85% and 88%, respectively. 	is 
nding suggests
that bicycle-sharing systems can improve the resilience of
public transportation systems e�ectively when disruption
occurs [30]. Campbell and Brakewood 
nd evidence that
bicycle sharing in New York decreased bus ridership [31].
Indeed, to some extent, a bicycle-sharing system can be
a substitute for public transit. Moreover, the denser the
urban environment (density of population and public transit
network) is, the greater the number of travelers replacing

public transit for shared bicycles is [32]. In summary, bicycle-
integration strategies, including bicycle-railway [33], bicycle-
bus stations [34], and bicycle-metro stations [24, 34], have
been surveyed and demonstrated as signi
cant ways to
improve urban mobility and facilitate sustainable transporta-
tion. Travelers’ choice behaviors have also been in�uenced by
bicycle-sharing systems.

Bicycle-sharing systems have become popular in China in
the past two to three years. Bicycling as a sustainable travel
mode has now returned to cities. Most cities are actively
initiating public/private bicycle-sharing programs. 	e main
goals of these programs are to solve the 
rst/last mile problem
and improve urban mobility. However, a�er the introduction
of bicycle-sharing systems, how have people’s travel choices
changed for 
rst/last mile trips and what factors in�uence the
use of shared bicycles? Relatively few studies have addressed
these questions. 	us, the speci
c study questions in this
research are as follows.
(1)What choices did travelers make about their 
rst/last

mile trips before the introduction of bicycle-sharing systems?
(2)What choices do travelers make about their 
rst/last

mile trips a�er the introduction of bicycle-sharing systems?
(3) What are the di�erences in the choice behaviors

for 
rst/last mile trips before and a�er the introduction of
bicycle-sharing systems?
(4) What are the di�erences in the choice behaviors for


rst/last mile trips between young and other age groups?
Beijing is chosen as the case study. 	e percentage of

young adults (<=30 years old) shared bicycle users is the
highest for all age groups and travel behavior research
regarding young adults has been paid great interest due to
reporting their di�erent travel behaviors from prior genera-
tions. Consequently, the choice behaviors of young adults and
the di�erences with other age groups are speci
cally studied.

3. Research Design

3.1. City Context. Beijing, the capital of China, is one of the
most populated cities worldwide. It had a population of 21.71
million by the end of 2017 and covers an area of 16,410 km2.
It is divided into 16 municipal districts (see the le� side of
Figure 1), with 55.7%of people living in the urban area (the six
districts shown in orange in Figure 1) [35]. Beijing is covered
by a large public transportation system that has 1028 bus lines
[36] and 22 subway lines. In 2017, average daily passenger
ridership of bus transit and the subway reached 8.73 million
[36] and 10.35 million [37], respectively. 	e mode share of
public transport was approximately 50% in 2017.

Bicycles had been the dominant travel mode in Beijing
until 1990s. In 1986, the bicycle mode share was 62.7%
[38]; however, in 2016, it only accounted for approximately
12% [39]. 	e automobile mode share has been increasing
in recent years and accounted for more than 30% in 2016
[39]. 	e great thing is that the bicycle-sharing system in
Beijing has returned and developed quickly in the past few
years. In total, 15municipal districts have implemented public
bicycle-sharing systems, operated by the Beijing Municipal
Commission of Transport.More than 2million private shared
bicycles are available. Most bicycles are located in bus/subway
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Figure 1: Administrative map of Beijing with the bus transit and subway network.

stations and densely distributed in urban areas. As a next
step, suburban areas will be considered for the development
of bicycle-sharing systems. It is expected that shared bicycles
can contribute to improvements in the service level of urban
transportation systems and mode transfer to the sustainable
transport.

3.2. Data Collection and Statistical Analysis. Figure 2 is the
sketch map of an entire trip. We divide the entire trip into
three segments: the 
rst mile trip, the public transport trip
(herea�er called the “main trip”), and the last mile trip.

We designed a questionnaire to collect travelers’ mode
choices for 
rst/last mile trips before and a�er the introduc-
tion of shared bicycles. 	e questionnaire used for modeling
has four parts: individual and sociodemographic attributes,
travel characteristics, distances related to the built environ-
ment, and mode choices for 
rst/last mile trips. Shared
bicycle use and improvement suggestions are also included
in the end of the questionnaire. Table 1 lists detailed variables
of those four parts used for modeling. 	e travel choices
made before and a�er the introduction of bicycle-sharing
systems were collected at one time to ensure uniformity. 	e
questionnaires were issued in April 9-15 and October 15-18
(supplementary investigation) in 2018 through an online and
intercept survey in Beijing (scattered all over Beijing). It is
about 2.5 years between introduction of the private shared
bicycles and the survey. 	e respondents of the online survey
were those who lived in Beijing. We removed those samples
where work/house location has changed in recent 3 years
to eliminate the error caused by the one-time survey. We
obtained 1125 valid questionnaires (1125 respondents), 855
online and 270 intercept.	e online survey was conducted by
a professional questionnaire company (https://www.wjx.cn/)
and the intercept survey was mainly undertaken near bus
stops, subway stations, in large communities, on the bus,

and in the subway. Note that the questionnaire results re�ect
the respondents’ routine purpose mode choices, not their
travel choices for some special or speci
c activities. For
example, if a respondent is employed as a clerk, his/her
routine travel purpose every day is going to work. We ask
this clerk about her/his mode choice in the recent work
traveling. Among these 1125 respondents, 512 take public
transport both before and a�er the bicycle-sharing systems.
Because automobile drivers/passengers and active mode
users do not have the 
rst/last mile mode choices, we use
these 512 samples in travel choice modeling for 
rst/last
mile trips. 	e estimated accuracy at the 95% con
dence
interval is ±5% when the sample size is 384 [40]. 	us,
the sample size in this study ensures the robustness of its
conclusions.

Table 1 presents the statistical results of 512 samples. Most
of the respondents are in the range of 21–50 years (88.3%),
live with their partners (73.5%), and commute every day
(73.9%). Of the participants, 95.3% have a bachelor degree
or above. Most participants have at least one automobile
available (69.8%); however, only 55.1% have at least one
bicycle available. 	e majority of participants travel less than
15 km (82.8%) and near 70% of 1125 samples use sustainable
transport (public transport, bicycles, and walking) as their
main trip mode. 	e access and egress distances of 
rst/last
mile trips (from origin to nearest public transport stop or
from public transport stop to destination) are less than 1
km for more than 80% of participants. A signi
cant change
occurs within mode choices for 
rst/last mile trips before
and a�er the introduction of shared bicycles. Walking is
dominant before (75.3%); however, a�er introduction, the
mode share of walking decreases to 37.3%, with 45.9%
of participants choosing shared bicycles. In addition, the
mode share of private bicycle and automobile decreases
slightly.

https://www.wjx.cn/
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Figure 2:	e sketch map of an entire trip.

3.3. Methodology. We use the 512 samples of transit users
in travel choice modeling for 
rst/last mile trips. Logit
model is recognized as the most classical method to model
travel choice behaviors. Logit model includes binary and
multinomial logit model in accordance with the number of
travel choices. In this research, more than two mode choices
are considered. 	us, a multinomial logit model is applied to
analyze travelers' choice behaviors for 
rst/last mile trips.

Before the introduction of bicycle-sharing systems, trav-
elers had three travel options for 
rst/last mile trips: walking,
private bicycles, and automobiles. A�er the implementation
of bicycle-sharing systems, they have four choices: shared
bicycles and the three aforementioned choices.

Equation (1) is the conditional probability function of the
multinomial logit model. Y equals 0, 1, 2, or 3 if travelers
choose the walking, shared bicycles, private bicycles, or
automobiles, respectively. P0, P1, P2, and P3 represent the
probabilities that walking, shared bicycle, private bicycle, or
automobilemodes, respectively, are chosen. i is the number of
signi
cant in�uencing factors and j is available travel options.
Vector ��� represents in�uencing factors for alternative j
and ��� represents the regression coe�cients of di�erent

in�uencing factors.

Pj = P (� = � | ���) =
exp (������)
∑3�=0 exp (������)

,

� = 1, 2, . . . , �; � = 0, 1, 2, 3
(1)

By transforming (1) and setting �0� = 0, (2) can be obtained.
Alternative j with ��� = 0, which is the base category or

baseline, provides the reference point for all other travel
options. In this research, the walking mode choice is set as
the reference point.

Pj = P (� = � | ���) =
exp (������)

1 + ∑3�=1 exp (������)
,

� = 1, 2, . . . , �; � = 0, 1, 2, 3
(2)

Equation (3) represents the ratio of the probability of choos-
ing mode j to that of choosing the walking mode. 	e
linear form of the multinomial logit model is shown in (4).

	e parameter ��� is estimated using maximum likelihood

method.

	

� = Pj

P0
= exp (������) , � = 1, 2, 3 (3)

ln( Pj

P0
) = ������, � = 1, 2, 3 (4)

4. Estimation Results and Implications

In the questionnaire, some variables have toomany categories
(see Table 1). To avoid some categories with too small sample
size, we merge some of them. For example, the number of
automobile/bicycles available is divided into two categories:
those who have and those who do not. Age is divided into
three categories: the young (<=30 years old), middle-aged
(31–50 years old), and aged (>50 years old) groups. Next,
mode choice models for 
rst/last mile trips before and a�er
the introduction of bicycle-sharing systems are determined.
Walking is set as the reference mode for both before and
a�er the introduction of bicycle-sharing systems.	en, travel
choice di�erences between the young and other age groups
are conducted. Finally, policy implications are presented in
the light of 
nding results.

4.1. Travelers’ Choice Behaviors for First/LastMileTrips (before
the Implementation of Bicycle-Sharing Systems). Before the
introduction of bicycle-sharing systems, the choice set
included automobiles, private bicycles, and walking for

rst/last mile trips. Table 2 shows the regression results of

travel mode preferences. In general, McFadden R2 greater
than 0.4 can be interpreted as a very goodness of 
t [41].

Studies also have shown that range of R2 in 0.2–0.4 is
acceptable [42, 43]. 	e results of model signi
cance test in
the le� of Table 2 indicate that there is a relatively good 
t
between the proposed model and the survey data.

For the automobile mode, all the variables are not
obviously signi
cant except for the intercept. 	e intercept is
signi
cantly negative, indicating that automobile is extremely
unpopular for 
rst/last mile trips when other factors are not
considered. More than 95%of the participants travel less than
2 km to public transport stops. Walking and bicycles are
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the most appropriate modes for middle- and short-distance
traveling [44]. Bicycling or walking is more suitable than
traveling by an automobile within 2 km.

For the private bicycle mode, gender, bicycle availability,
and travel frequency are signi
cant factors. Males are 3.258
times more inclined to ride a bicycle for 
rst/last mile trips
than females. Bicycle availability is distinctively positive in
terms of private bicycle use.	e in�uence of travel frequency
on private bicycle use is unexpected. 	e probability of
private bicycle use by regularly frequent (4–6 times a week)
travelers is 6.861 times greater than that for more frequent
travelers (>=10 times aweek).	e reasonsmay be that, in Bei-
jing, it is di�cult to 
nd dedicated parking areas for bicycles
near public transport stations. Most public transport users
prefer to walk to stations in case of bicycle stolen or exposed
to bad weather, especially for more frequent travelers. 	e
intercept of private bicycle model is still negative, which
means that private bicycles are not as popular as walking for

rst/last mile trips when other factors are not considered.

In sum, walking is the 
rst choice when other factors are
not considered. Private bicycle choice is a�ected by travel fre-
quency and bicycle availability. Male travelers prefer cycling
for 
rst/last mile trips compared with females. Automobile is
the least likely to be chosen for 
rst/last mile trips.

4.2. Travelers’ Choice Behaviors for First/Last Mile Trips (a�er
the Implementation of Bicycle-Sharing Systems). 	e right
part of Table 2 shows the estimation results of mode choices
for 
rst/last mile trips a�er the introduction of bicycle-

sharing systems. McFadden R2 suggests an acceptable 
t

(R2=0.357). Automobile choice behavior for 
rst/last mile
trips does not change a great deal. A�er joining the trans-
portation system, shared bicycles mode share for 
rst/last
mile trips is 45.9%; moreover, 93% of shared bicycle users
are from private bicycle or walking mode users. Although
most trips by shared bicycles are original walking or private
bike trips, it at least re�ects on the following two points.
(1) Travelers are willing to use shared bicycles. 	ey quickly
adapt to the new introduced travel mode and use it in their
daily travel. (2) Travel quality for 
rst/last mile trips gets
improved. For almost 55% of the respondents, their traveling
distance for 
rst/lastmile trips is further than 500m (Table 1).
	is is greater than people’s acceptable walking distance.
When shared bicycles are available, most people transfer
from walking to shared bicycles for 
rst/last mile trips. Also,
automobile mode share for the 
rst/last mile trips reduces
from 12.6% to 10.7% and from32.3% to 30.5% in themain trip.
Although a small portion of automobile trips are substituted
with shared-bicycle trips, it will still bring great bene
ts to the
people and the environment.

Shared bicycles become the 
rst preference for 
rst/last
mile trips (the intercept of the shared bicycle model is
positive). Because the shared bicycles in Beijing are widely
distributed and travelers can 
nd available bicycles easily,
variables such as bicycle availability are not signi
cant any
more. When the access distance is further than 500m,
travelers are more inclined to take shared bicycles and travel
by automobile when the distance is further than 2 km. People

are more sensitive to access distance than egress distance.
Travelers’s mode choice for 
rst/last mile trips is signi
cantly
a�ected by access distance rather than egress distance.

Main trip mode choices are closely related to individual
attributes, travel distance, travel purpose, departure time,
characteristics of di�erent modes, and tra�c information
[45]. Mode choices in the 
rst/last mile trips mainly depend
on the access distance, bicycle/automobile availability, travel
frequency, and gender. Travelers prefer shared bicycles within
0.5-2 km over walking. A�er the introduction of bicycle-
sharing systems, shared bicycles become the 
rst preferred
choice when they are available. 	e order of preference
becomes shared bicycles, walking, private bicycles, and auto-
mobiles. 	is 
nding demonstrates that shared bicycles are
popular among travelers for 
rst/last mile trips and 
lls the
gap in public transport service well.

4.3. Choice Behavior Di�erences between the Young and Other
Age Groups for First/Last Mile Trips. In recent years, travel
behavior research regarding young adults has been a topic
of great interest. It has been increasingly reported that
young adults have quite di�erent travel choice behaviors
and lifestyles from those of prior generations. Numerous
studies related to young people’s automobile ownership and
usage [46, 47],migration [48], travel patterns [49], residential
locations [50], and multimodal travel behavior [47, 49] have
been conducted to explain their behaviors. In the current
study, travel choice di�erences for 
rst/lastmile trips between
young adults and other age groups are explored to observe the
former’s behaviors deeply.

4.3.1. Before the Introduction of Bicycle-Sharing Systems.
According to regression results with regard to the young
group, the important variables for model 
tting are bicycle
availability and automobile availability. With regard to the
middle-aged group, gender, bicycle availability, and access
distance are important factors for model 
tting.

	e ratios of automobile availability for the young and
middle-aged people are 58.8% and 82.9%, respectively (see
Figure 3(a)). 	is di�erence between them is signi
cant

(�2(2)=11.13 and P value <0.05). Because most middle-aged
people have automobiles, the automobile availability is not
signi
cant in their travel choice modeling. In Figure 3(b),
more than 80% of the young group and nearly 55%ofmiddle-
aged people travel by sustainable transportation modes (pub-
lic transportation, bicycle, and walking) in the main trip.
Further,more than 10%of public transport users take bicycles
as their feeder travel mode. 	us, bicycle availability is
signi
cant for the young and middle-aged groups. 	e access
distance is considered important among the middle-aged
group. Most of the middle-aged people are o�ce workers
and have signi
cantly higher income than the young group

(�2(2)=63.781 and P value <0.01). 	ey tend to have higher
demand for the transportation service and care more about
the 
rst/last mile distance when making decisions.

For the aged group, nearly 70%of them have retired; most
of them travel by sustainable transport in the main trip; they
mainly travel for discretionary purpose (80%). All factors are
not signi
cant for the aged people.
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Figure 3: (a) Automobile/bicycle availability. (b) Mode choice in the main trip. (c) Mode choice for 
rst/last mile trips before and a�er the
introduction of shared bicycles.

4.3.2. A�er the Introduction of Bicycle-Sharing Systems. A�er
the implementation of bicycle-sharing systems, more than
85% of the young public transport travelers take shared
bicycles or walking as the feeder mode. No variables are
signi
cant determinant factors for their 
rst/last mile mode
choice. However, for the middle-aged group, gender and
access distance are important factors for 
rst/last mile mode
choice. According to Figure 3(c), almost 50% of travelers
from both the young and middle-aged groups transfer to
shared bicycles for 
rst/last mile trips. Moreover, the walking
mode share decreases sharply. Private bicycle usage for the
young group reduces signi
cantly and automobile usage for
middle-aged group falls dramatically. Almost an equivalent
percentage of participants among young and middle-aged
group said they have ever used shared bicycles (88.5% and
88.4%). However, among the small portion of travelers
who have never used shared bicycles, 46% of the young
group said they would not change their choice even though
bicycle-sharing systems have improved. 	e correspond-
ing percentage for the middle-aged group is 35%. 	ese

statistic results indicate that there are small numbers of
travelers whose choice behaviors for 
rst/last mile trips are
not in�uenced by bicycle-sharing systems. Such people are
mainly automobile and bicycle/walking travelers in the main
trip.

All factors are still not signi
cant for the aged group.
However, the aged people also have preferences for shared
bicycles (60% of them choose shared bicycles for 
rst/last
mile trips).

4.4. Policy Implications. Policy suggestions are presented here
in the light of the 
ndings.

4.4.1. Encourage and Properly Guide the Development of
Shared Bicycles. Shared bicycles attract travelers from dif-
ferent generations and occupations. 	ey provide a more
convenient travel mode, especially for 
rst/last mile trips.	e
mode share of shared bicycles is 45.9%; moreover, shared
bicycles become the preferred choice for 
rst/last mile trips.
According to the survey, nearly 90% of the participants have
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ever used shared bicycles in their daily trips and more than
40% of shared bicycle users ride more than four times a week.
Shared bicycles 
ll gaps in public transport e�ectively in
terms of the 
rst/last mile problem and provide a convenient
travel mode for short-distance traveling. Moreover, numer-
ous studies have demonstrated that travelers by bicycles or
walking have the highest levels of emotional wellbeing [50–
54]. It should be pointed out that the development of shared
bicycles brings somenegative e�ects such as occupying public
spaces and a�ecting urban tra�c management because of
parking disorderly. In order to prevent the rampant devel-
opment and implement re
ned management, the Beijing
Municipal Commission of Transport has bannedmore shared
bicycles into market [55]. Other cities, including Shanghai,
Shenzhen,Guangzhou, andHangzhou, have also adopted this
kind of policy. Ways exist to facilitate the development of
shared bicycles apart from simply increasing their numbers.
	ese ways include more bicycle lanes, improvements to
the riding environment, and great priority for cyclists at
intersections.

	e results demonstrate that travelers are willing to ride
a bicycle when it is available, which is a good trend to
facilitate sustainable travel. In order to attract more car
travelers/passengers to transfer to the bicycle mode, well-
performing bicycle system is necessary. High-quality and
re
nement management is one of the future trends of shared
bicycles. Appropriate encouragement and guide can be pro-
vided to the shared-bicycle development.

4.4.2. Improve Bicycle-Sharing Systems. According to the
survey, 13% of participants have never used shared bicycles.
Moreover, 58% of them said that they will use shared bicycles
if bicycle-sharing systems are improved. Figure 4 shows the
expectations for improvements in bicycle-sharing systems.
Most nonusers of shared bicycles (45.5%) would like to see
improvements in bicycle lanes, followed by enhancements of
the rental process (40.9%) and deposit requirement (40.9%).

Bicycle lanes are the factor they care about most. 	e
problems of the rental process include installing a shared-
bicycle application, 
lling in personal information, and sys-
tem failure. Everyone can share a bicycle, but the users need
to download the application of a shared-bicycle company
and register online. When registering, much information
including name, address, phone number, ID number, and
even banking account if you pay by bank card is needed.
It takes 3-5 minutes to 
nish registration. If the users want
to use other shared bicycles operated by another company,
they must download another application and register online
again. In addition, users are asked to deposit 100-300 RMB
($15-45) depending on bicycle companies when they register.
94% of the respondents show that they can 
nd a shared
bicycle easily (within 2 minutes) and take about 10 seconds to
unlock a bicycle. But when the system fails by chance, it takes
more time to unlock or 
nd another bicycle to use. All these
are considered obstacles to using shared bicycles. Shared-
bicycle distribution (36.4%), the charge standard (31.8%,
means deposit and cost of each use), and damage rate of
shared bicycles (27.3%) are also regarded as important factors
that in�uence shared-bicycle use. O�en, the users need to pay

0.5-1 RMB ($0.075-0.15) per 30minutes depending on bicycle
companies. 	e shared-bicycle users almost spend the same
cost as the public transport travelers in short trips. Although
these 
ndings represent the response from small samples,
they nonetheless provide meaningful directions for shared-
bicycle development. Improvement in these areas will attract
more shared-bicycle users.

4.4.3. Enhance the Service Level of Public Transport and
Optimize Transfer Coordination between Bicycle-Sharing/
Pedestrian Walkways and the Public Transportation System.
According to Table 1, the introduction of shared bicycles does
not greatly in�uence travelers’ mode choice in the main trip.
It is not easy to change the travel mode share by simply
improving the feeder service for 
rst/last mile trips. Both
fast transportation services for the main trip and convenient
feeder service for 
rst/last mile trips are critical.

According to the regression results in Section 4.3, di�er-
ent age groups all consider shared bicycles as their priormode
choice for 
rst/last mile trips. A�er bicycle-sharing systems
are introduced, shared bicycles and walking modes account
for the highest proportion for 
rst/last mile trips. In the
main trip, 45.5%of the participants travel by public transport,
and 45.9% and 37.3% of public transport travelers use shared
bicycles and walking as their feeder mode, respectively.
In order to provide high-quality transportation services
for 
rst/last mile trips and make public transport more
appealing, more works should be undertaken to coordinate
the bike-sharing/pedestrian walkways system for 
rst/last
mile trips with the public transportation system in the
main trip. According to the survey’s results, 42% of the
young group have no automobile available; however, 91% of
them plan to purchase an automobile in the next 10 years,
which is really not a desirable trend. It is important to take
measures to improve the service level of public transport
system and attract more (potential) automobile travelers to
public transport. In this survey, 5.5% of automobile travelers
transfer to public transport a�er the bicycle-sharing systems
were introduced. It proves the remarkable e�ects of bicycle-
sharing systems on mode choice change to some extent. As
a next step, optimizing coordination between bicycle-sharing
systems/pedestrian walkways and public transit system has
strong signi
cance in facilitating the development of sustain-
able transport.

5. Discussions and Conclusions

Most of China’s cities have witnessed rapid development
of bicycle-sharing systems in recent years. 	ese schemes
complement sustainable transport development and cater
to the demands of short-distance traveling. In order to
better understand travelers’ choice behaviors for 
rst/last
mile trips a�er bicycle-sharing systems are implemented,
this study considers the e�ects of individual attributes, travel
characteristics, and the built environment on travel mode
choices for such trips. 	emultinomial logit model is used to
model choice behavior and travel choice models for 
rst/last
mile trips before and a�er the introduction of bicycle-sharing
systems are established. 	e choice behaviors of young
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Figure 4: Expected improvements for bicycle-sharing systems.

adults are then compared with the other aged groups. Policy
suggestions are provided in the light of the 
nding results.

Before the introduction of bicycle-sharing systems, gen-
der, bicycle availability, and travel frequency are the most
signi
cant factors. Walking is the 
rst choice when other
in�uencing factors are not considered. Private bicycle choice
is a�ected by travel frequency and bicycle availability. Male
travelers prefer cycling for 
rst/last mile trips compared with
females.

A�er the introduction of bicycle-sharing systems, the
mode share of shared bicycles for 
rst/last mile trips reaches
45.9%. Shared bicycles become the 
rst preference, followed
by walking, private bicycles, and automobiles.

	e important variables are bicycle availability and auto-
mobile availability for the young adults when shared bicycles
are not available. For the middle-aged group, gender, bicycle
availability, and access distance are important factors. When
shared bicycles are available, gender and access distance are
important factors for the mode choice of middle-aged group.
For young and aged people, all the factors are not signi
cant.
Shared bicycles and walking are the main feeder modes for
di�erent age groups.

	is study provides the following insights.
(1) 	e proposed choice models explain how travelers

make mode choices for 
rst/last mile trips and indicate their
choice preferences. 	ese 
ndings can help transportation
policy-makers better understand travelers’ choice behaviors
and develop solutions for the 
rst/last mile problem. 	e
solutions include providing shared bicycle service in areas
where the access distance to public transport stops is further
than 500m, adjusting the charge standard through asking for
users’ advices and implementing bike lanes to improve travel
experience for 
rst/last mile trips.
(2) Shared bicycles are the preferred choice for 
rst/last

mile trips.	e proposedmodels can be combined with travel
choice models in the main trip to predict shared bicycle

demand and accordingly optimize the scheduling of bicycle-
sharing systems. When the mode choice modeling in the
main trip is determined, the number of public transport
travelers at each stop or community can be predicted. 	en,
according to the mode choice for 
rst/last mile trips, the
number of shared bicycle users can be further forecasted. In
order to match the number of shared bicycles and the users,
the bicycle company can predict the bicycle demand and
furtherly put bicycles demanded into market and optimize
the operation.

In most other cities of China, the situations of bicycle-
sharing systems are similar to Beijing. 	e systems were
introduced in recent 2∼3 years and experienced disordered
expansions. On the surface, we see more alternative mode
choices, more sidewalks occupied by bicycles, and deserted
bicycles. 	e bicycle-sharing company and the government
are striving for strategies of shared bicycle development.
To provide guidance regarding the better development of
bicycle-sharing systems and bicycle-transit integration, it is
extremely necessary to understand travelers’ choice behaviors
and attitudes towards shared bicycles. 	e research content,
method, and results in this study can be applicable for those
international cities where bicycle-sharing systems are newly
introduced.

Bicycle-sharing systems also attracted increasing atten-
tion in USA in recent years. As an auto-oriented country,
daily trips in most cities of USA have been dominated by
private vehicles for many years. Lots of programs have been
explored by the government and transit agencies to enhance
attractiveness of public transit, such as installing bicycle racks
on bus, allowing bicycles to board trains, and providing
shuttle services tometro station. As the big success of bicycle-
sharing systems in the world over the past few years, shared
bicycles are regarded as one of the most promising strategies
to solve public transport problems. Bicycle-transit integration
has been widely implemented and investigated in USA. 	e
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mode share of cycling has increased in some cities like
New York [56] and Washington, DC [57]. However, most
researches about travel behavior of cyclists using bicycle-
sharing systems are based on actual travel data. Few studies
focus on travelers’ preference, attitudes, and the reasons
many people do not use shared bicycles. It is extremely
important to understand travelers’ real needs to propose
feasible and e�ective improvement plans. 	is study also
sheds light on analytical process of travelers’ choice behaviors
and improvement directions for bicycle-sharing systems in
countries where bicycle-sharing systems are under increasing
development and improvement. 	rough before- and a�er-
travel behavior analysis, combined with actual bicycle travel
data, the transport manager can get more details about the
number of bicycle travelers attracted by shared bicycles,
the reason why some people decline to ride it, and which
aspects need to be improved from the perspective of travelers
themselves. Bicycle-sharing systems have been implemented
for more than 50 years in Europe and are well developed.
Bicycle-transit integration also makes a big success. But it is
also necessary and important to investigate travelers’ before-
and a�er-shared-bicycle introduction mode preference for
cities where bicycle-sharing systems are newly introduced.

	e study has some limitations in methodology, factors
included, and questionnaire design. In this paper, the tradi-
tional logit model was used. More advanced travel behavioral
models such as Latent Class Model (LCM) can be intro-
duced to improve model 
tness. More in�uencing factors
can be excavated and included in the model. Some studies
demonstrated that other built environments such as shade
and bikeway [58], weather indicators including temperature
and rain [59], and road congestion [59] have signi
cant e�ect
on travel choice.	ese factorsmay satisfactorily represent the
nonexplained parts in the proposed model. In addition, the
choice behaviors of access and egress trips may be di�erent.
According to Givoni and Rietveld (2007) [60], bicycle mode
share wasmuch higher at the home-end than the activity-end
for the access/egress trip.Other related researches also proved
similar conclusion. However, in their research context, it is
di�cult for travelers to 
nd available bicycles at the activity-
end, except that they park a bicycle at the activity-end, or
bicycles are allowed to board on the bus or train [61]. In most
of Chinese cities, shared bicycles are widely distributed in the
urban area and are easy to be found. So, if the access/egress
trips are distinguished, the expected resultsmay be as follows:
before the introduction of bicycle-sharing systems, walk,
private bicycle, and automobile is still the preference order,
but private bicycle mode share at the home-endmay bemuch
higher than that at the activity-end; a�er the introduction of
bicycle-sharing systems, both the preference orders of access
and egress trips are dependent on the location of home and
activity (in the suburban area or urban area).

Further research could focus on the following aspects. (1)
Modality style (speci
ed as latent classes) acts as an important
indicator of the repetitive nature of travel choice [62]. Class
membership model could be introduced; then, the in�uence
ofmodality style on travel mode choice for 
rst/last mile trips
can be analyzed. (2) 	e impacts of the built environment
on travel choice behavior have been paid great attention in

recent years. More built environment factors such as green
shade and the length of bicycle lanes should be considered in
the travel choice model for 
rst/last mile trips in the future.
(3) 	e comparison analysis of mode preference between
access/egress trips at the home side and activity side will be
an interesting research on the basis of present questionnaire
improvement. (4) In order to validate the e�ects of bicycle-
sharing systems on travel patterns e�ectively, a case study
could be conducted to compare travel choice behavior in
scenarios of successful bicycle-transit integration and no
bicycle-sharing systems integration with public transport.
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