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Abstract

The worldwide rise of shared bicycle use has changed the way people travel. Here we ana-

lyze shared bicycle use from the perspective of the theory of planned behavior, and propose

a model to investigate factors influencing shared bicycle usage in China. A total of 211

shared bicycle users selected from 28 provinces throughout China completed a self-

reported survey. Structural equation modelling (SEM) was used to delineate the pathway

from shared bicycle usage. The SEM model demonstrated that: (1) shared bicycle use inten-

tion was significantly associated with four variables, namely travel attitude(β = 0.491, t =

24.569), social norms(β = 0.149, t = 6.771), travel habits(β = 0.146, t = 7.226) and perceived

behavioral control (β = 0.190, t = 11.110); (2) shared bicycle use behavior was significantly

affected by shared bicycle use intention(β = 0.406, t = 15.936), and also by travel habits(β =

0.320, t = 11.921); (3) shared bicycle use behavior was also affected by demographic vari-

ables (gender, age) and situational factors (distance). The conclusions of this study provide

useful data for operators of bicycle services and government policy makers.

Introduction

In recent years, smog has become a serious problem faced by city dwellers in China [1]. As a

result, citizens have become increasingly aware of the role of individual behavior in improving

environmental conditions [2]. Since 2016 shared bicycle services have significantly expanded

in China[3]. The service is provided by bicycle operators on campuses, in subway stations, bus

stations, residential areas and business districts on a time-sharing lease mode. Due to its low-

carbon concept, popular support of shared bicycle use has dramatically increased in China[4].

As of June 2017, shared bicycle users amounted to 106 million [5]. In cities with heavy traffic

and under environmental stress due to pollution, shared bicycle services provide a simple, eco-

nomical and efficient travel solution[6].

However, multiple factors may influence the decision-making process underlying travel

selection [7, 8]. Although residents may be sympathetic to pollution-free travel, many potential
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users give more importance to travel distance [9], weather conditions [10], convenience [11]

and personal values [12]. Based on the theory of planned behavior [13–15], some studies pro-

posed that factors such as environmental awareness, attitude, perceived behavioral control,

subjective norms and guiding language can positively affect travel intentions and actual behav-

ior[16, 17]. To date, few studies have specifically addressed the factors underlying the deci-

sion-making process behind shared bicycle use. Compared with cars or motorbikes, shared

bicycle use presents various unique features. First, shared bicycle stations should be near pro-

spective users, which may be an issue particularly in smaller towns. Second, it requires a down-

loadable shared bicycle app and payment of a deposit, which may be a problem for individuals

unfamiliar with smart phones (a more likely circumstance among older individuals). Third,

long-distance riding may be less comfortable and energy-costly than driving a car or motor-

bike. Fourth, a shared bicycle can be parked in an available bicycle station, while a car of

motorbike requires a parking lot. Finally, shared bicycle travel involves no pollutant emissions.

Therefore, some factors seem to promote, and others prevent shared bicycle use, but their rela-

tive strength remains largely unexplored. Furthermore, demographic (gender, age) and situa-

tional factors such as distance may also affect the choice of shared bicycle travel and have not

been thoroughly investigated.

To fill these gaps, we present a study of shared bicycle use intention in China, based on the

theory of planned behavior and on data from an online survey of factors affecting the choice to

use shared bicycles. Our study of determinants of shared bicycle use behavior in China may

help operators of shared bicycle services to more effectively carry out their marketing and

planning activities.

Theoretical background

Theory of planned behavior

The theory of planned behavior (TPB) is one of the most important models of the relationship

between attitude and behavior in the field of social psychology. The theory was derived from

the theory of reasoned action [18], which postulates that subjective norms and behavioral atti-

tudes determine individual behavioral intentions, and the latter determines individual behav-

ior. Furthermore, individual behavioral intentions are also affected by individual capacity, or

‘perception behavioral controls’ [19]. The inclusion of perceived behavioral control led to the

formalization of the theory of planned behavior [20]. In theory, subjective norms mainly refer

to the influence of important people or organizations on individual behavior. Behavioral atti-

tude refers to an individual’s positive or negative feelings towards the behavior, and perceived

behavioral control refers to the degree of difficulty associated with performance of the behavior

[21].

The theory of planned behavior has been widely applied in the field of social psychology

and information systems[22]. It is recognized as a powerful model for predicting behavioral

intentions[23], and was recently extended to the field of transportation [24]. According to the

theory, individual behavior is positively influenced by individual behavior intention, which in

turn is positively influenced by subjective norms, perceived behavioral control and behavior

attitudes. Here we apply TPB to investigate the factors underlying the decision to adopt shared

bicycle travel in China. We propose four hypotheses:

H1: Perceived behavioral control positively affects shared bicycle use intention.

H2: Social norms positively affect shared bicycle use intention.

H3: Behavior attitude positively affects shared bicycle use intention.

H4: Shared bicycle use intention positively affects shared bicycle use behavior.

Analysis of factors affecting shared bicycle travel choices
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The relationship between travel habits and travel intentions

Habits refer to regular, nonjudgmental, or unconscious behavior [25]. User habits have been

widely studied in psychology [26] and information systems [27]. Behavioral habits were shown

to predict future behavioral intentions and actual behavior [28, 29]. Behavioral habits play a

major role in routine choice behavior, while behavioral intentions can play a leading role in

behavioral choice in new environments[30]. Behavioral habits and intentions can simulta-

neously determine behavior [31], although strong behavioral habits can also affect actual

behavior [21]. Since 2016, shared bicycle use has been a new traveling option and changed

travel habits across the world [32]. Since the habit of using shared bicycle trips is likely to pro-

mote shared bicycle use intention and behavior, we also propose the additional hypotheses:

H5: Travel habits positively affect shared bicycle use intention.

H6: Travel habits positively affect shared bicycle use behavior.

In addition, we tested the effects of the following control variables: user monthly income,

residential area (urban or suburban), frequency of shared bicycle use, travel time spent per

trip, and duration of shared bicycle use. Our research model and predictions are summarized

in Fig 1.

Materials and methods

Variables and measures

A self-rated questionnaire was given to an online sample of Chinese respondents and used to vali-

date the conceptual model. Levels of agreement to short statements taken from prior literature

were used to quantify each variable (Table 1). Four short statements or measures of perceived

behavioral control, three of subjective norm, and three of behavior attitude, were adapted from

Azjen [20] and Donald et al. [33]. Three measures of behavior intention were derived from Chen

[34]. Three measures of travel habit were adapted from Khalifa and Liu [35]. Shared bicycle use

behavior was derived from Courtois et al. [36]. Agreement to each item was measured on a

7-point Likert scale ranging from 1 (strongly disagree/unlikely) to 7 (strongly agree/likely).

Data collection

The surveys used in this study were distributed by a Chinese website (Soujump.com) providing

online survey services, and this platform has been used in numerous previous studies for

Fig 1. Psychosocial factors influencing shared bicycle travel choices: an application of theory planned behavior.

https://doi.org/10.1371/journal.pone.0210964.g001
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distributing questionnaires[37, 38]. To ensure data quality, this study used the platform’s paid

sample service, which provides more than 2.6 million sampling resources from different cities

in China with diverse demographic backgrounds. The platform sends email invitations to its

registered members inviting them to complete a questionnaire. If members respond to the

invitation and complete the survey, the platform charges the client 1–96 Chinese yuan per

response, depending on the complexity of the surveys [39]. We employed the platform to ran-

domly select 315 members from their pool of registered members and then to send email invi-

tations to them to complete our questionnaire. A total of 315 questionnaires were received

from 28 provinces throughout the country. We eliminated subjects providing the same answer

to all questions, those with no experience with shared bicycle usage, and those who finished

the survey in less than five minutes. The final sample consisted of 211 questionnaires (a ques-

tionnaire efficiency of 67%). In order to determine whether the sample size was sufficient, we

used Soper’s a priori sample size calculator for structural equation models[40]. The results

showed that our sample size was much larger than the minimum required sample size 95,

meaning that it was more than sufficient. The protocol and informed consent forms for this

study were approved by the Ethics Committee in Research of the Institute of Management Sci-

ence of Shandong University of Finance and Economics. The demographic information

included gender, age, education, income and occupation (Table 2).

Shared bicycle use was assessed by the results of the questionnaires (Table 3). The majority

of respondents reported that their first choice of shared bicycle brand was OFO, followed by

Mobike. Most respondents said that they often used a shared bicycle. The bicycling distance

was generally less than three kilometers, indicating that most respondents used a bicycle pri-

marily when traveling a short distance. Most of the respondents had been using shared bicycles

for three to six months, followed by the second largest group who had used the service six to

twelve months. Most respondents’ said they preferred to spend from eleven to thirty minutes

per shared bicycle trip, followed by the next largest group at thirty-one to sixty minutes. Nearly

Table 1. Factors and corresponding measures.

Factor Measure Items

Perceived Behavioral

Control

(PBC)

PBC1 It is easy to learn how to use a shared bicycle.

PBC2 I believe I am capable of learning how to use a shared bicycle.

PBC3 It’s easy for me to use a shared bicycle.

PBC4 For me, it’s simple to use a shared bicycle.

Subjective Norm (SN) SN1 The people who are most important to me support my use of shared bicycles.

SN2 The people who are most important to me think I should use a shared bicycle.

SN3 The government gives priority to the development of shared bicycle transportation

policy, and I support the use of shared bicycle.

Behavior Attitude

(AT)

AT1 It makes sense to use a shared bicycle for travel.

AT2 It is valuable to me to use a shared bicycle for travel.

AT3 The use of shared bicycle for travel is a wise act.

Shared Bicycle Use

Intention

(BI)

BI1 I want to use a shared bicycle for travel.

BI2 I’m going to use a shared bicycle for travel.

BI3 I would like to use a shared bicycle for travel.

Habit

(HA)

HA1 Shared bicycle has become my natural choice of travel at short distances.

HA2 When I travel at short distances, use of a shared bicycle comes to my mind

HA3 Shared bicycle has become a spontaneous short distance travel option to me.

Shared bicycle use

behavior

(AB)

AB1 I’ve used a shared bicycle.

AB2 In the past I have used a shared bicycle.

AB3 For a short trip, I have used a shared bicycle.

https://doi.org/10.1371/journal.pone.0210964.t001
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a third of respondents indicated a distance between work place and residence of one to three

km, and most said they preferred using a shared bicycle for work, but also sometimes for enter-

tainment and shopping purposes. More than half of the respondents owned a car, while close

to half owned a storage battery car, and about a third owned a personal bicycle. Finally, the

Table 2. Descriptive statistics of respondent characteristics.

Demographic variable Size %

Gender Male 99 46.92

Female 112 53.08

Age < = 20 years old 1 0.47

21–30 years old 83 39.34

31–40 years old 88 41.71

40–50 years old 31 14.69

>50 years old 8 3.79

Personal

Income

(RMB)

< = 3,000 16 7.58

3,001–5,000 58 27.49

5,001–8,000 83 39.34

> 8,001 54 25.59

Occupation A government office/institution, etc. 21 9.95

Enterprise staff 161 76.30

Individual occupation 13 6.16

Student 11 5.21

Others 5 2.37

https://doi.org/10.1371/journal.pone.0210964.t002

Table 3. Usage of shared bicycles.

Items Classifications Size % Items Classifications Size %

Brand of

shared bicycle

OFO 143 67.77 Distance between work place and

residence

1 kilometer and below 16 7.58

Mobike 60 28.44 1–3 kilometers 59 27.96

Others 8 3.79 3–5 kilometers 56 26.54

Use frequency of shared bicycle Occasionally used

(many times a month)

79 37.44 5–10 kilometers 54 25.59

Often used (a number

of times a week)

120 56.87 10–15 kilometers 19 9.00

Frequency use

(many times a day)

12 5.69 15 kilometers and above 13 6.16

Travel distance use shared bicycle 1 kilometer and below 22 10.43 Purpose of using shared bicycle Go for work 74 35.07

1–2 kilometer 77 36.49 Shopping 46 21.80

2–3 kilometers 81 38.39 Go to school 8 3.79

3–4 kilometers 21 9.95 Got home 9 4.27

5 kilometers and

above

10 4.74 Recreation &

Entertainment

66 31.28

Time of used a shared bicycle 3 months and below 27 12.80 Others 8 3.79

3–6 months 82 38.86 Other transportation vehicles at home Car 144 68.25

6–12 months 61 28.91 Bicycle 69 32.70

1 years and above 41 19.43 A storage battery car 93 44.08

Time spent on shared bicycle for one

trip

Less than 10 minutes 16 7.58 Motorcycle 29 13.74

11–30 minutes 141 66.82 Others 20 9.48

31–60 minutes 47 22.27 Place of

residence

Urban areas 195 92.42

More than 1 hours 7 3.32 Suburbs 16 7.58

https://doi.org/10.1371/journal.pone.0210964.t003
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vast majority of the respondents said they lived in urban areas, while a tiny percentage of

respondents said they lived in the suburbs.

Measurement model

We first tested the reliability and validity of the model. According to Hair et al. [41], validity

was established by Cronbach’s alpha> 0.7, composite reliability > 0.7, and average variance

extracted (AVE) > 0.5. Cronbach’s coefficients of all measurement items were above 0.7, indi-

cating that the internal consistency of measurement items was acceptable (Table 4). Composite

reliability values of all constructs were above 0.8 and therefore acceptable. Scale validity was

assessed by the convergence validity and discriminant validity of the structure. The AVE value

of all measured items was above 0.6, indicating that the measurement model had good conver-

gence validity (Table 4). The square root of AVE of measured variables was greater than their

correlation coefficients, indicating that the scale had good discriminant validity. Finally,

Table 5 shows the factor loadings and the cross factor loading of the measured items. All mea-

surement variables and their potential variables displayed high correlation coefficients, while

correlation coefficients of other latent variables were relatively low, indicating that the mea-

sured items had good distinction and internal consistency. Smart PLS2.0 was used in the

study.

Results

Structural model

Fig 2 shows that perceived behavioral control had a positive effect on shared bicycle use inten-

tion (β = 0.190, t = 11.110), confirming H1. Social norms also had a positive effect on shared

bicycle use intention (β = 0.149, t = 6.771), confirming H2. Results showed that the behavior

attitude of users had a positive effect on shared bicycle use intention (β = 0.491, t = 24.569),

confirming H3. We found that shared bicycle use intention had a positive effect on shared

bicycle use behavior (β = 0.406, t = 15.936), confirming H4. Finally, users’ habits had a positive

effect on their shared bicycle use intention (β = 0.146, t = 7.226), confirming H5. The impact

of users’ habits on their shared bicycle use behavior was also significant (β = 0.320, t = 11.921),

confirming H6.

Control variables also showed significant associations with user’s intention and behavior.

Monthly income positively affected shared bicycle use behavior (β = 0.104, t = 5.732). Resi-

dents living in urban areas were more likely to use shared bicycles (β = -0.101, t = 5.902). Fre-

quency of shared bicycle use negatively affected self-reported shared bicycle use behavior(β =

-0.174, t = 11.267). Time spent on a shared bicycle per trip negatively affected shared bicycle

use behavior (β = -0.041, t = 2.469). Finally, the effect of time using a shared bicycle on shared

bicycle use behavior was not significant (β = 0.033, t = 1.943).

Table 4. Descriptive statistics and inter-construct correlations.

Items Cronbach’s Alpha Composite Reliability AVE AB AT PBC BI HA SN

AB 0.744 0.853 0.660 0.812

AT 0.803 0.884 0.718 0.539 0.847

PBC 0.862 0.906 0.707 0.680 0.556 0.841

BI 0.835 0.893 0.737 0.614 0.596 0.616 0.858

HA 0.844 0.905 0.761 0.562 0.628 0.523 0.666 0.872

SN 0.817 0.890 0.730 0.531 0.612 0.515 0.607 0.752 0.854

Note: Shared bicycle use behavior (AB); Behavior attitude (AT); Perceived behavioral control (PBC); Shared bicycle use intention (BI); Habit (HA); Social norms (SN).

https://doi.org/10.1371/journal.pone.0210964.t004
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Moderation effects

Moderating roles can be tested by accessing differences in path coefficients for each subgroup

[42, 43]. To examine differences in user characteristics, path comparison testing was

Table 5. Cross loadings.

Items AB AT PBC BI HA SN

AB1 0.831 0.417 0.598 0.469 0.371 0.381

AB2 0.816 0.371 0.552 0.476 0.466 0.415

AB3 0.789 0.515 0.504 0.548 0.538 0.499

AT1 0.490 0.859 0.527 0.676 0.535 0.588

AT2 0.393 0.841 0.362 0.657 0.464 0.555

AT3 0.484 0.841 0.519 0.689 0.594 0.665

PBC1 0.548 0.482 0.806 0.484 0.466 0.472

PBC2 0.613 0.428 0.856 0.550 0.425 0.430

PBC3 0.582 0.503 0.852 0.531 0.428 0.412

PBC4 0.540 0.461 0.849 0.505 0.447 0.425

BI1 0.526 0.681 0.551 0.859 0.567 0.589

BI2 0.576 0.740 0.561 0.933 0.635 0.673

BI3 0.469 0.633 0.477 0.777 0.481 0.545

HA1 0.416 0.577 0.423 0.585 0.860 0.677

HA2 0.484 0.513 0.462 0.533 0.870 0.615

HA3 0.553 0.559 0.478 0.621 0.887 0.678

SN1 0.358 0.550 0.356 0.551 0.669 0.865

SN2 0.413 0.555 0.377 0.541 0.591 0.863

SN3 0.560 0.694 0.555 0.692 0.657 0.834

Note: Shared bicycle use behavior (AB); Behavior attitude (AT); Perceived behavioral control (PBC); Shared bicycle use intention (BI); Habit (HA); Social norms (SN).

AB1 is the first measurement item of AB; AB2 is the second measurement item of AB; AB3 is the third measurement item of AB. Other measurement items are similar.

https://doi.org/10.1371/journal.pone.0210964.t005

Fig 2. Results of structural model analysis. Pathways to shared bicycle use behavior through perceived behavioral control, subjective norm, behavior attitude, shared

bicycle use intention, and habit.

https://doi.org/10.1371/journal.pone.0210964.g002
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conducted between groups. In this study, we dichotomized gender groups as male (group 1)

and female (group 2), age groups as younger (age< = 30, group 1) and older (age>30, group

2) [42] and traveling distance groups as short distance (distance< = 2 km, group 1) and remote

(distance>2 km, group 2)[44]. We then compared path coefficients based on the method of

categorical moderating variables developed by Keil and Wassenaar [43].

Gender differences. The results indicated significant gender differences in shared bicycle

users’ behavior intention and behavior (Table 6).

Specifically, the effect of perceived behavioral control and behavior attitude on shared bicy-

cle use behavior intention was significantly higher for males than females. This implies that

male users’ behavior intention increased more drastically with increase in perceived behavioral

control and behavior attitude than female users. The interaction effects are plotted in S1 Fig

and S2 Fig.

In contrast, the effect of subjective norms on shared bicycle use behavior intention was sig-

nificantly higher in females. This implies that female users’ behavior intention increased more

drastically with the increase in subjective norms (S3 Fig).

Furthermore, the effect of habits on shared bicycle use intention was significantly higher

for females, while the effect of habits on shared bicycle use behavior was significantly higher in

males. This implies that female users’ behavior intention increased more drastically with the

increase in habits, and male users’ shared bicycle use behavior increased more drastically with

the increase in habits (S4 Fig and S5 Fig).

Finally, the effect of shared bicycle use behavior intention on actual behavior was signifi-

cantly higher in females. In other words, female users’ shared bicycle use behavior increased

more drastically with the increase in behavior intention (S6 Fig).

Age differences. Age had a significant influence on shared bicycle use behavior intention

and actual behavior (Table 7).

The effect of perceived behavioral control and habit on shared bicycle use behavior inten-

tion was significantly higher for older users. This means that older users’ behavior intention

increased more drastically with the increase in perceived behavioral control and habit than

younger users (S7 Fig and S8 Fig).

On the other hand, the effect of subjective norms and behavior attitude on shared bicycle

use behavior intention was significantly higher for younger users. This means that younger

users’ behavior intention increased more drastically with the increase in subjective norms and

behavior attitude than older users (S9 Fig and S10 Fig).

Table 6. Moderating effects of gender.

Items Path PC1 PC2 T Remarks Effect

Gender

(N1 = Male)

(N2 = Female)

PBC -> BI 0.266 0.128 43.965 O (Male>Female)

SN -> BI 0.095 0.177 -17.940 O (Female>Male)

AT -> BI 0.572 0.444 36.504 O (Male>Female)

HA -> BI 0.091 0.175 -20.920 O (Female>Male)

HA -> AB 0.359 0.247 33.054 O (Male>Female)

BI -> AB 0.381 0.436 -16.502 O (Female>Male)

Note: Spooled ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
f½ðN1 � 1Þ=ðN1 þ N2 � 2Þ� � SE2

1
þ ½ðN2 � 1Þ=ðN1 þ N2 � 2Þ� � SE2

2
g

p
.

t ¼ ðPC1 � PC2Þ=½SPooled �
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ð1=N1 þ 1=N2Þ�

p
, Ni = sample size of dataset for group i; SEi = standard error of path in structural model of group i; PCi = path coefficient

in structural model of group i
Note: O: support; X: not support.

https://doi.org/10.1371/journal.pone.0210964.t006
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The effect of habits on shared bicycle travel actual behavior was significantly higher for

younger users. In other words, younger users’ shared bicycle use behavior increased more

drastically with the increase in habits. Finally, the effect of shared bicycle use intention on

actual behavior with regard to shared bicycle travel was significantly higher for older users.

This means that older users’ shared bicycle use behavior increased more drastically with the

increase in behavior intention (S11 Fig and S12 Fig).

Distance differences. Distance traveled also influenced the formation of users’ intentions

and behavior (Table 8).

The effect of perceived behavioral control and habits on shared bicycle use behavior inten-

tion was significantly higher for short distance users. This means that short distance users’

behavior intention increased more drastically with the increase in perceived behavioral control

and habit (S13 Fig and S14 Fig).

In contrast, the effect of subjective norms and attitude on shared bicycle use behavior inten-

tion was significantly higher for remote users. This tells us that remote users’ behavior inten-

tion increased more drastically with the increase in subjective norms and behavior attitude

(S15 Fig and S16 Fig).

Finally, the effect of habits and behavior intention on shared bicycle travel actual behavior

was significantly higher for remote users. In other words, remote users’ shared bicycle use

Table 8. Moderating effects of distance.

Items Path PC1 PC2 T Remarks Effect

Distance

(N1 = Short distance)

(N2 = Remote)

PBC -> BI 0.271 0.151 35.157 O (Short distance>Remote)

SN -> BI 0.095 0.180 -18.072 O (Remote>Short distance)

AT -> BI 0.434 0.532 -25.285 O (Remote>Short distance)

HA -> BI 0.179 0.115 15.024 O (Short distance>Remote)

HA -> AB 0.279 0.386 -31.213 O (Remote>Short distance)

BI -> AB 0.384 0.423 -10.988 O (Remote>Short distance)

Note: Spooled ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
f½ðN1 � 1Þ=ðN1 þ N2 � 2Þ� � SE2

1
þ ½ðN2 � 1Þ=ðN1 þ N2 � 2Þ� � SE2

2
g

p
.

t ¼ ðPC1 � PC2Þ=½SPooled �
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ð1=N1 þ 1=N2Þ�

p
, Ni = sample size of dataset for group i; SEi = standard error of path in structural model of group i; PCi = path coefficient

in structural model of group i
Note: O: support; X: not support.

https://doi.org/10.1371/journal.pone.0210964.t008

Table 7. Moderating effects of age.

Items Path PC1 PC2 T Remarks Effect

Age

(N1 = Younger)

(N2 = Older)

PBC -> BI 0.127 0.193 -17.860 O (Older>Younger)

SN -> BI 0.190 0.105 18.567 O (Younger>Older)

AT -> BI 0.527 0.504 5.854 O (Younger>Older)

HA -> BI 0.047 0.194 -33.307 O (Older>Younger)

HA -> AB 0.392 0.240 45.735 O (Younger>Older)

BI -> AB 0.156 0.573 -125.600 O (Older>Younger)

Note: Spooled ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
f½ðN1 � 1Þ=ðN1 þ N2 � 2Þ� � SE2

1
þ ½ðN2 � 1Þ=ðN1 þ N2 � 2Þ� � SE2

2
g

p
.

t ¼ ðPC1 � PC2Þ=½SPooled �
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ð1=N1 þ 1=N2Þ�

p
, Ni = sample size of dataset for group i; SEi = standard error of path in structural model of group i; PCi = path coefficient

in structural model of group i
Note: O: support; X: not support.

https://doi.org/10.1371/journal.pone.0210964.t007
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behavior increased more drastically with the increase in habits and behavior intention (S17 Fig

and S18 Fig).

Discussion

Key findings

Based on a case study of shared bicycle use in China, we investigated the factors potentially

influencing shared bicycle use behavior. Through the analysis of data obtained from an

online questionnaire, we explored a range of demographic variables and situational factors

affecting shared bicycle travel use. In the following, we summarize and discuss our main

findings.

First, the behavioral intention to adopt shared bicycle use for bicycle travel was significantly

influenced by four variables: attitude, social norms, perceived behavioral control and travel

habits. Relying on the framework of the theory of planned behavior, Chen [45] found that the

perceived pleasure in using public bikes had a strong influence on sustainable continuous use

of public bikes for users in Taipei, and that subjective norms were more effective for non-

users. Moreover, for residents in Denmark using bike-sharing frequently and for multiple pur-

poses during holidays, Kaplan et al. [46] pointed out that their attitudes, subjective norms

toward cycling, past cycling experience, habitual transport mode choice, and holiday partners

influenced their frequent and multi-purpose cycling intentions. Our report extends the frame-

work of the theory of planned behavior by confirming that attitude, social norms, perceived

behavioral control and travel habits are important factors affecting users’ intentions to adopt

shared bicycle use for bicycle travel in daily life in China. Most importantly, we found that

amongst the variables, users’ attitudes towards shared bicycle travel had the greatest impact.

This conclusion helps us to form a more complete understanding of the path formation of

shared bike users’ behavioral intention. These findings would imply that shared bicycle com-

panies should focus their efforts on environmental publicity, on promoting the concept of

shared bicycle travel amongst users, and on convincing potential users that shared bicycle use

serves both individual and collective interests. Those initiatives should contribute to the emer-

gence of a more positive attitude towards shared bicycle travel.

Second, shared bicycle use behavior was significantly influenced by both shared bicycle use

intention and habits, although the impact of shared bicycle use intention was stronger. Donald

et al. [33] found that attitudes, perceived behavioral control and subjective norms increased an

individual’s habit and intentions to drive to work, while environmental concerns reduced a

person’s tendency to drive. In turn, both habits and intentions increase the likelihood that a

person will drive rather than travel by bicycle. This paper confirmed that shared bicycle use

intention and habits also positively affect shared bicycle use behavior. In addition, we contrib-

ute to the theory of planned behavior by verifing that the impact of shared bicycle use inten-

tion was more influential. Prior research showed that behavioral intentions played a leading

role in behavioral choices in a new environment[24]. This implies that shared bicycles travel is

a relatively new feature in Chinese urban environments, and therefore needs to be consoli-

dated as a new behavioral habit. Marketing measures, such as coupons, can be used to rein-

force bike sharing users’ habit formation. At the same time, analyses of control variables

showed that monthly income positively affected the tendency to travel by means of a shared

bicycle. This conclusion was also proved by Murphy and Usher [47], who found that bicycle

sharing was predominantly used by higher-income individuals in Dublin, Ireland. One of the

possible explanations may be that higher-income users tend to favor bicycling for enjoyment

and exercise. Results showed that residence location had a significant negative impact on

shared bicycle use, perhaps because the farther away from the city people live, the fewer the
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number of bikes shared and the lower their usage. Travel time negatively affected shared bicy-

cle use because when the distance was far, people often used public transportation or their

own vehicles [48]. Finally, it is interesting to note that the frequency of bicycle use negatively

affected shared bicycle use behavior. One of the reasons may be that younger users want to try

new things and several new alternative options have appeared such as shared cars powered by

storage-batteries. Some users of shared bicycles have had bad experiences [49] and this can

have strong negative effects on overall use.

Third, this paper contributes to the TPB model by identifing significant effects of demo-

graphic variables (gender and age) and situational factors (distance). The influence of gender

on mode of travel has been examined in previous studies[50, 51] and research showed that

women were more concerned about the cost of using a car and parking and, therefore were

more likely to use public transportation and leave the car at home [52]. Zhao et al. [53]

reported that women were more likely than men to make multiple (two or more) bike-sharing

trips from one origin to a single destination and then back to the same origin, especially on

weekdays. Similar to the findings from other public transportation behaviour domains[54, 55],

this paper contributes to the theory of planned behavior by verifing that male users were most

likely to choose shared bicycle travel when they perceived behavioral control and attitudes,

while female users were most likely to choose shared bicycle travel because of perceived subjec-

tive norms and travel habits. The research conclusions of this paper are basically consistent

with those of previous studies in different situations [54, 55]. Age also plays an important role

in users’ travel behavior [56]. Prior investigations showed that age was significantly correlated

with substitutive walking behavior [57], and Barnes et al. [58] averred that transit access may

be especially important in older age groups and walkability may be especially important for

middle-aged and older adults who are still working. Similar to the findings from other public

transportation behaviour domains[55, 59], we found that older bicycle users were most likely

to travel by shared bicycle because of perceived behavioral control and travel habits, while

younger users were most likely to use shared bicycles due to subjective norms and attitudes.

To the best of our knowledge, this is the first paper to examine age differences when consider-

ing shared bicycle travel within the framework of the theory of planned behavior. Our research

conclusion is a useful supplement to the theory of planned behavior. Finally, the trip distance

has been shown to affect travel mode choice [60, 61]. Xing et al. [62] pointed out that transpor-

tation cycling was most often used for short distances to utilitarian destinations such as the

grocery store or post office, while long distances and safe routes more often involved recrea-

tional cycling. In this report we noted that short-distance travelers were most likely to choose

shared bicycle travel for reasons of perceived behavioral control and travel habits, while for

long-distance users, subjective norms and attitudes were most likely to influence their choice

to use shared bicycle travel. Our research results provide a micro-knowledge base for the fac-

tors that influence users’ choice to use shared bicycle travel, and also deepens the understand-

ing of shared bicycle travel. Taken together, these findings suggest that marketing initiatives

for shared bicycles should focus on the factors specifically influencing demographic groups

differentiated by gender, age, and travel distance and introduce personalized shared bicycle

travel options to meet the needs of specific groups.

Fourth, our online survey also recorded suggestions from users to current bicycle sharing

operators. Those included increasing the number of shared bicycles, increasing bicycle parking

spots, enactment of new regulations to strengthen management of shared bicycle parking, and

improving bicycle inspection and repair. Some users proposed that the bicycle models were

not diversified enough, and thus not suitable for all people. Modifications aiming to make the

service more user-friendly, such as increasing the height of child seats, and increasing the size

of water cup holders were also suggested and should be considered. The survey indicated that
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shared bicycle operators should pay attention to problems raised by users and act as soon as

possible.

Implications

Operators of shared bicycle services should consider the perceptions, perceived behavioral

control, subjective norms, travel attitudes and habits of users when defining the next steps in

their efforts to popularize shared bicycle travel. Initiatives should include additional shared

bicycle travel marketing campaigns, and increased initiatives to change users’ travel behavior

by influencing their beliefs, attitudes and values[63]. At the same time, service operators

should take into account the different demographic characteristics of users. Operators should

also consolidate delivery and maintenance of shared bicycles, and create better regulations for

bicycle parking and placement. Moreover, users could contribute to a solution to the problems

of traffic congestion and smog by adopting shared bicycle use and embracing shared bicycle

travel. From the perspective of governments, shared bicycle use provides a simple, economic

and efficient solution to heavy traffic and environmental pressures in urban areas [64]. There-

fore, authorities should implement initiatives to promote shared bicycle use, increase the effort

to guide public opinion towards shared bicycle use, and build a shared bicycle travel atmo-

sphere with the help of social networking and public media.

Limitations

Like other empirical studies, there are limitations to this research which should be considered

when discussing the results. First, an online survey method was used in our study, which

reflects respondents’ subjective perceptions towards the investigated questions. Subjective data

has some inherent drawbacks that are hard to avoid in surveys [65]. In this regard, objective

results such as archival data may help to provide additional insights for specific research. Our

data were gathered during a single time period. Cross-sectional data do not allow for a

dynamic assessment of changes in the intentions and related behavior of users, which may

affect the applicability of our results. Future research should investigate the intentions and

behavior of shared bicycle travel users through a combination of cross-sectional and longitudi-

nal research. Secondly, based on the theory of planned behavior, this study focused on the

effects of travel attitude, social norms, perceived behavioral control and travel habits on mech-

anisms of shared bicycle use intention and behavior. Some other factors were omitted, such as

the potentially moderating impact that a person’s environmental world view or personal

norms [66] could have upon their intentions and behaviour within our model. Our outcome

measures, including shared bicycle use intention and behavior, were evaluated by self-reported

data collection and, therefore, it is possible that some of the variance in self-reported shared

bicycle use behavior could reflect perceived behavior or response biases rather than actual

behavior [67, 68]. Thirdly, future studies should also evaluate the effects of additional factors

not included in our analysis, such as the level of comfort provided by current bicycle design,

bicycle layout optimization, or bicycle model options such as electric motor assists. Finally,

our survey was conducted in a single cultural context (China) and a more general statement

could be made by applying the developed research model and research conclusions to other

countries and cultures [69].

Conclusions

Shared bicycle services have significantly expanded in China. However, few studies have spe-

cifically addressed the factors underlying the decision-making process behind shared bicycle

use. To fill this research gap, this study used the theory of planned behaviour as a framework
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for understanding the public views on shared bicycles as transportation options. The results

indicated that shared bicycle users’ travel attitudes, social norms, travel habits and perceived

behavioral control significantly affect their behavioral intentions and actual behavior. More

importantly, our results indicated that shared bicycle users’ behavioral intentions and actual

behavior showed significant differences between different demographic variables (gender, age)

and situational factors (distance). These findings have advanced the theory of planned behav-

iour and enriched the literature on shared bicycle services. The conclusions of this study pro-

vide useful information for bicycle service operators and government policy makers. It should

be reiterated that the sample size in this study was small; therefore, it would be beneficial to

repeat this study using a larger sample group from a more diverse population.
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