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In the midst of sharing concepts, bike sharing has made innovative changes to people’s travel modes. Providing high-quality
services is essential to promoting the usage of bike sharing and to reducing traffic congestion by shifting people away from private
car use. This research explores the factors that influence users’ selection of bike sharing as a transportation mode by identifying
and describing relationships to user perception, psychological expectations, and loyalty. The effects of value identity, convenience,
economy, comfort, perceived safety, travel characteristics (TC), and sociodemographic factors (SD) on the selection and usage of
bike-sharing systems in Changsha, China, were analyzed. The mediating effect of user satisfaction (US) on the relationship
between perceived quality (PQ) and use loyalty was examined. A total of 700 questionnaires were distributed at 20 bike-sharing
locations, to which 569 users effectively responded. The results of the analysis indicate that loyalty to bike sharing was predicted by
all of the studied constructs except for gender. The results of this study help us better understand the influencing factors of bike-
sharing usage and can aid policymakers in formulating effective guidance strategies for bike-sharing travel demand based on a

model structure.

1. Introduction

The bike-sharing system originated in the Netherlands and
began to appear in China in March 2016. Compared to
traditional public bikes that must be rented and returned at
fixed rental stations, bike sharing is an innovative method of
bike operation that eliminates the construction of expensive
docking stations and provides convenient, flexible, and low-
carbon mobility for city travel [1]. When people use bike
sharing as well as public transportation (PT), these two
modes are complementary. Because bike sharing helps ex-
pand the service areas of PT stations, people can use bike
sharing to use PT more conveniently. This can help some
people located far from a bus stop use PT. When people
originally travelling by PT shift to bike sharing, the two
modes are competitive; from the emergence of bike sharing,
some PT users have shifted to bike sharing. Additionally,
bike sharing has other advantages; for example, users can

pay fees and borrow a bike using a mobile phone bike-
sharing app and find a bike through a global positioning
system (GPS). As a result, bike-sharing systems have rapidly
gained popularity in China and quickly reached a massive
scale. Currently, more than 360 cities in the country have
rolled out bike-sharing programs with 300 million registered
users. However, despite this rapid rise and development
period, academic research on bike sharing has mainly fo-
cused on descriptions of economic phenomena, legal su-
pervision, and other macrolevel issues. Few studies exist on
the characteristics of bike sharing from a microlevel per-
spective: Tang et al. [2] explained impacts on bike-sharing
travel behavior in terms of services, facilities, users, and
operations’ management [2]. Xin et al. [3] used partial least
squares estimation to calculate the cyclist satisfaction index
model, which considers the riding environment, riding
safety, government intervention, laws, and staft services [3].
Han et al. [4] investigated the roles of bike-tourism
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attributes, perceived value, satisfaction, desire, and gender in
bikers’ loyalty generation [4].

It should be noted that the research object of this study is
China’s bike-sharing system rather than public bikes. Per-
haps, public bikes and bike sharing are not different in other
countries, but in China, they represent different bike-sharing
systems. Public bikes are used through docked bike-sharing
systems developed and operated by the Chinese government
or state-owned enterprises and usually involving govern-
ment subsidies. Bike sharing typically refers to ‘dockless
bikesharing,” which usually invested in and operated by
private companies.

First, this study summarizes users’ socioeconomic and
travel characteristics (TC) and the effects of user percep-
tions, risk preferences, and psychological expectations on
user choice behavior from the path coeflicients of the
structural equation model, which can be used to demon-
strate the asymmetric responses of bike-share users to
multiple dimensions of related indices. Second, we construct
and verify hypothesized relationships between model vari-
ables and discuss the weights of indices according to the
loading coeflicients of their corresponding latent variables.
The results of the model analysis can be used to predict users’
bike-sharing travel behavior. In this study, we examine bike
sharing in Changsha, China, in an empirical study to
compensate for the limited research in this field on cities in
China. The findings of this study can help improve user
satisfaction (US) and user loyalty (UL) to bike sharing and
identify bike-sharing operation and management strategies
that can retain users and attract more users to the system.

2. Literature Review

Because bike sharing is a new travel mode combining In-
ternet technology and bikes, relevant research is limited and
focuses more on public bike systems, which are similar to
bike-sharing systems. However, past studies of public bikes
support a future of bike sharing in China. The existing
research on bike-sharing selection and behavior mainly
focuses on three factors: user characteristics, TC, and user
preferences.

Regarding user characteristics, evidence from different
studies shows that important attributes related to choice
behavior are gender, age, income, occupation, and education
level [5, 6]. For instance, bike-share users are largely edu-
cated, affluent, and younger males, and compared to other
occupations, students are more likely to use public bikes [7].
In the Netherlands, some researchers have analyzed bike-
share user characteristics. The authors show that individuals
who are highly educated, have higher incomes, and are aged
from 17 to 27 are more likely to use bike sharing [8]. These
results are in line with evidence from China showing that
high-income, highly educated, and young individuals are
more likely to use bike sharing [9-11]. Recently, a study on
the travel patterns of bike sharing pointed out that bike-
share users are more likely to be younger and more educated
[12]. In contrast to the above studies, researchers have also
analyzed the characteristics of transit-bike users in the
United States from 2001 to 2009 [13] and found that the
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combined mode is more popular among those with little
education or from a low-income household. It may be that
high-income groups in the United States mostly live in the
suburbs and prefer to travel by car. In addition, individuals
who have a personal car are less likely to use the bike-sharing
mode in Germany [14].

The TC of bike sharing are of great importance to travel
behavior. Currently, scholars mainly focus on travel time, travel
distance, travel frequency, and other dimensions [15, 16].
Studies have shown that the acceptable travel distance for
public bike transport is between 1 km and 5 km [17]. More than
half of the public bikes within 3 km of rental points are used
[18], and the critical travel time for cycling is 24 min [19]. A
user’s travel frequency is higher when the purpose of travelling
is to access a bus or subway [20], and the travel purpose is also
the main factor that affects whether a passenger will use shared-
bike transfers [21]. The travel distance between one’s home and
transit stations has the most important effect on the use of
cycling to access/leave metro stations [9, 22].

Studying the influence of user preferences on bike-
sharing usage is useful not only to evaluate bike-sharing
systems but also to reduce operation costs and improve user
experiences. In other research, such as work on bus services
[23], railways [24, 25], and air travel [26], some studies have
considered users’ subjective preferences and travel behaviors
or intentions by constructing model relationships and hy-
potheses that mainly include users’ perceived service quality,
perceived value, complaints, satisfaction, loyalty, and other
factors [27-30]. Some work has analyzed the relationships
between customer satisfaction, service quality, and travel
intentions in several service industries and shows that
service quality is an antecedent of US, US has a significant
effect on travel intentions [31], and there is a strong con-
nection between US and UL [32].

Hence, the study reported in this study is designed to fill
gaps in past research by investigating the effects of users’
subjective behavior on travel choice behavior. More spe-
cifically, the study aimed to achieve the following research
objectives: (1) investigate the travel behavior of different user
groups, (2) investigate the interactional relations between
user perceptions and psychological expectations, and (3)
examine the effect of user perceptions and psychological
expectations on users’ choice behavior. Among travel
preference factors of bike sharing, user perceptions are
considered to have the greatest effect on bike-sharing use.
User perceptions are mainly reflected by a user’s subjective
perceptions of the service quality of bike sharing [33]. In
regard to the perceived of bike-sharing services, perceived
risk, economy, convenience, and comfort have been studied
frequently [34]. As a new derivative of the sharing economy,
bike sharing has great commercial value, users’ valuing of
bike sharing can greatly improve usage, and previous studies
have confirmed that value identity may influence the de-
cision-making processes underlying travel choices [35, 36].
We divide perceived quality (PQ) into five dimensions:
perceived safety, value identity, convenience, comfort, and
economy. Some studies have pointed out that demographics
such as monthly income, age, and occupation and TC play
an important role in people’s interactions with their
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surroundings and have significant impacts on users’ PQ,
affecting their attitudes [37-39]. Therefore, it is necessary to
introduce sociodemographic factors (SD) and TC into the
research model of influencing factors of bike-sharing travel.
In addition, PQ has been shown to have a significant impact
on satisfaction and loyalty [40]. Studies suggest that US is a
principal antecedent of loyalty [41], has a significant fa-
vorable effect on loyalty [42], and mediates the PQ and UL
relationship [43]. UL is a postpurchase behavioral intention
that refers to the willingness to continue a behavior or
recommend it to others after requirements are met, and this
concept can be applied to bike-sharing travel choice be-
havior [4]. Finally, a bike-sharing choice behavior model
characterized by loyalty indices is constructed to explore the
key factors affecting the choice behavior of bike-share users.

This study makes the following contributions. (1) The
research on bike-sharing choice behavior is relatively lim-
ited, and although many characteristic variables are in-
volved, a systematic model has not been constructed to
explain the correlations among them. Therefore, based on
users’ subjective perception characteristics, we constructed
an SEM of subjective variables to illustrate the impact on
user travel choice behavior and explain why we select these
variables in detail. (2) Satisfaction and loyalty have widely
examined in PT research. This study applies these variables
to user behavior research on bike-sharing, serving as a
beneficial attempt to clarify the role of bike sharing in urban
transportation systems.

Consequently, this work explores positive effects of the
studied dimensions with the following hypotheses:

Hypothesis 1. (H1) PQ is positively associated with US with
bike sharing.

Hypothesis 2. (H2) US is positively associated with UL to
bike sharing.

Hypothesis 3. (H3) PQ is positively associated with UL to
bike sharing.

Hypothesis 4. (H4) TC are positively associated with the PQ
of bike sharing.

Hypothesis 5. (H5) SD are positively associated with the PQ
of bike sharing.

Hypothesis 6. (H6) PQ is positively associated with UL
through US with bike sharing.

According to these hypotheses, it is proposed that bike-
share users’ PQ and US positively influence their UL. It is
proposed that bike-share users’ TC and SD positively in-
fluence PQ. Furthermore, the positive path between per-
ceived value and UL is expected to be partially mediated by
US.

The conceptual framework is shown in Figure 1. We use
a second-order CFA in this research because the first-order
factors are highly correlated, which implies that the model
may have a higher-order factor structure, and it may thus be
problematic to directly use first-order factors that lack

independence to construct the model. It is more suitable to
extract a second-order factor with a common feature to
represent them. Second, the original model has 5 first-order
factors, which makes the model too complicated. Con-
structing a second-order model simplifies the model and
removes degrees of freedom.

3. Research Methodology

3.1. Participants. Table 1 provides a profile of the 569
participants, including their age, education level, occupa-
tion, income, and gender information along with their
average bike-sharing travel times, weekly frequency of
bike-sharing use, and bike-sharing services used. The re-
sults indicate that more males than females responded to
the survey, with 257 females (45%) and 312 males (55%).
The participants were relatively young, mainly in the 18-35
age range (62%), and had an education level primarily
concentrated in the undergraduate (61%) range. With
respect to occupation, 37% of those surveyed were com-
pany employees who work fixed hours and needed to
commute during peak hours every workday. This group is
followed by university students (29%) without fixed
working hours; therefore, their trip schedules were more
flexible. The proportion of interviewees with incomes of
less than RMB 3000 was the largest (28%). Table 1 presents
a summary of the TC. In terms of frequencies of use, most
of the users used bike sharing 1-2 times per week on
average. Regarding bike-sharing travel times, < 5min,
5-15min, and 15-30 min trips accounted for relatively a
high proportion at 95%. Travel distances by bike sharing
concentrated at 0-5km with trips of over 5km being very
uncommon.

3.2. Tools. Based on the conceptual model of shared bike
selection behavior, a 23-item paper-based questionnaire was
designed to assess acceptance of the service. The question-
naire was developed based on other scholars’ research, as
shown in Table 2. The questionnaire contained three sections
focused on the following: (a) demographics: gender, age,
occupation, educational level, and monthly income (e.g.,
questions related to individual information rated according
to the classification; for example, gender was measured with
a 2-point scale question with 1 denoting “male” and 2
denoting “female”), (b) usage characteristics: average travel
time, average travel distance, usage frequency per week, and
bike-sharing services used, and (c) respondents’ loyalty
based on 7 bike-sharing features (value identity, conve-
nience, comfort, economy, PS, US, and UL). Analysis
software programs AMOS.21 and SPSS.25 were used to
examine the model structure based on previous research
results. Based on a review of past literature, we organized a
focus group discussion and employed three experts to
modify the item design of each variable. To ensure that the
questionnaire was reliable and valid, we modified and
eliminated some item descriptions according to the pre-
survey results, such as items with factor loading coefficients
of less than 0.5, which may interfere with the accuracy of the
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Figure 1: Conceptual model of shared bike selection behavior.
TasLE 1: Demographic characteristics.

Characteristics Number % Characteristics Number %
Gender Average travel time
Male 312 55 <5min 115 20
Female 257 45 5-15min 268 47
Age (in years) 15-30 min 160 28
<18 57 10 30-45 min 20
18-25 210 37 >45 min 6 1
25-35 141 25 Use frequency per week
35-50 125 22 <1 time 161 28
>50 36 6 1-2 times 226 40
Education level 3-5 times 154 27
Junior high school and below 17 3 6-10 times 24
Senior high school 131 23 >10 times 4 1
Undergraduate degree 318 56 Average travel distance
Master’s degree or above 103 18 <1km 137 24
Occupation 1-2km 239 42
Civil servant/institution staff 17 3 2-3km 90 16
Student 165 29 3-5km 80 14
Company staff 211 37 >5km 23 4
Self-employed entrepreneur 103 18 Bike-sharing type
Boss or executive 73 13 OFO 125 22
Income per mouth (RMB) Mobike 193 34
<3000 160 28 Hellobike 148 26
3000-6000 143 25 Greenbike 103 18
6000-10000 147 26
10000-20000 90 16
>20000 29 5

model research results [49]. Table 2 illustrates the items of
each construct used in the questionnaire.

All items were measured using a 5-point Likert scale.
While 5-point Likert scales are generally treated as ordinal,
we apply ours as a continuous measurement because mul-
tiple options are used to measure latent variables to perform
our analysis, such as averaging, correlation, and regression.
We treated the scale as an isometric variable design and
informed the participants of this feature. This method is
common and considered acceptable in academic research

adopting SEM and has been used in numerous prior works
on usage behavior intentions [50-53]. The numbers 1, 2, 3, 4,
and 5 represent a respondent’s agreement or disagreement
with the following items: 1, strongly disagree; 2, disagree; 3,
neither agree nor disagree; 4, agree; and 5, strongly agree.
The survey analysis results showed that the questionnaire
design passed the reliability and validity test, meaning that
the design items explain the latent variables and accurately
reflect the influencing factors of bike-sharing choice
behavior.



Journal of Advanced Transportation

TaBLE 2: Interpretation of variables included in the questionnaire.

Constructs items

Reference sources

Value identity

VI1:improved travel efficiency

VI2:improved quality of life

VI3:health and environmental protection
Convenience

CONT1 : short distance travel is more convenient
CON2: more convenient to connect to other transportation modes
CON3: easy to use and easy to learn

CON4: fully equipped facilities

Economy

EC1 : reasonable price

EC2: more cost-effective than other travel modes
EC3:the APP faces very little traffic during use
Comfort

COM1 : good bike design and comfortable riding
COM2 :roads smooth and no illegal road use occurs

4, 44]

(45, 46]

(47]

COM3: no interference occurs from other factors, such as pedestrians, electric vehicles, or motorcycles

COM4 : bike lanes are flat and continuous
Perceived safety

PS1:cycling across the street is dangerous
PS2:bike lanes without isolation

PS3: mixed operation of motor vehicles and bikes
PS4 :vulnerable to weather

UsS

US1:my expectations are satisfied

US2:1 am satisfied with the ideal

US3:overall, I am satisfied with bike sharing

UL

ULL:1 would like to continue to use bike sharing
UL2:
TC
TCl :average travel distance
TC2:average travel time

TC3: use frequency per week
SD

SD1:age (in years)

SD2: occupation

SD3:income per month (RMB)

(48]

[29, 43]

I would like to recommend bike sharing to my relatives and friends

(3]

(5]

3.3. Procedure and Design. First, we conducted an on-site
survey of approximately 60 bike-sharing parking locations
in Changsha, China, for basic data to select the presurvey
location. To ensure the rationality and effectiveness of the
questionnaire, a presurvey was carried out, and we selected
30 presurvey sites with high bike-sharing demand as a
survey environment including residential and commercial
areas, CBD areas, schools, transportation hubs, hospitals,
parks, and other property types. From the presurvey, some
issues preventing the survey’s application were identified
(e.g., a property manager who did not allow us to inves-
tigate or security issues at the survey site). A total of 50
questionnaires were distributed, and 43 valid question-
naires were collected, resulting in an effective questionnaire
recovery rate of 86%.

Finally, we selected 20 sites for our formal survey. Our
survey is an intercept survey, which can only be regarded as
involving quasi-random sampling, which has certain limi-
tations regarding the representativeness of the participant

sample. It is difficult to achieve fully random sampling from
surveys, but many studies have shown that interception
surveys are a viable alternative to random sampling surveys.
We also took many measures to ensure the randomness of
the sample and make the sample representative of all bike-
share users. For example, we combined user characteristic
data released by bike-sharing companies with on-site sur-
veys, conducted stratified sampling for proportions, con-
trolled for conditions such as age and gender, and adopted
an isometric survey method. A formal questionnaire survey
was conducted from September 7, 2021, to September 14,
2021. Our 20 survey sites included 4 main rail transit sta-
tions, 6 commercial and residential areas, 7 greenways, and 3
university towns. For each, 6 trained investigators were
evenly distributed to each area and randomly selected survey
subjects for intercept surveys. The survey was affected by the
location of administration. For example, as there are many
students near schools and many office workers near shop-
ping malls, the sample proportion of a given survey location
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TaBLE 3: Descriptive statistics for indicators of model constructs.
Question Median Mean SD ztlzzrglfelz 2 3 4 Strongly agree
VIl 4 3.75 0.604 0 0.4 32.9 58.3 8.4
VI2 4 3.89 0.584 0 0 23.2 64.7 12.1
XQVI3 4 3.73 0.623 0 0 36.7 53.8 9.5
CON1 4 411 0.765 0.9 1.9 13.2 53.3 30.8
CON2 4 398 0.764 0.2 2.6 21.4 51 24.8
CON3 4 4.05 0.705 0.4 2.1 13.9 59.2 244
CON4 4 390 0.753 0 2.5 26.5 49.7 21.3
EC1 4 3.77 0.836 1.1 4.9 28.1 48 17.9
EC2 4 3.81 0.795 0.4 4.6 27.2 49.7 18.1
EC3 4 3.73 0.832 0.7 4.2 351 41.7 18.3
COM 4 3.59 0.867 0.7 9.3 34.1 41.8 14.1
COoOM2 3 311 0.883 3.2 20.9 41.7 30.6 3.7
COM3 3 3.04 0.907 4 23.4 41.5 27.2 3.9
COM4 4 3.53 0.894 1.6 10 35.3 40.4 12.7
PS1* 4 3.54 0.828 0.9 10 32.5 47.5 9.1
pS2* 4 3.56 0.779 0.5 7.9 35.3 47.8 8.4
PS3* 3 3.28 0.835 2.6 13.5 40.6 39.9 3.3
pPS4* 3 3.18 0.817 3 14.1 47.5 32.7 2.8
US1 4 3.67 0.788 0.7 5.1 33.7 47.8 12.7
us2 4 3.61 0.785 0.4 6 38.1 43.8 11.8
us3 4 3.74 0.774 0.9 3.9 29.2 52.2 13.9
UL1 4 3.75 0.793 0.7 4.6 28.8 50.4 15.5
UL2 4 3.89 0.771 0.4 2.8 25.3 50.6 20.9
Very low Very high
(km) <1 1-2 2-3 3-5 >5
TC1 4 3.68 1.107 4 14.1 15.8 42 241
(min) <5 5-15 15-30 30-45 >45
TC2 4 3.82 0.829 1.1 3.5 28.1 47.1 20.2
(times) <1 1-2 3-5 6-10 >10
TC3 4 391 0.882 0.7 4.2 271 39.7 28.3
(years) <18 18-25 25-35 35-50 >50
SD1 3 2.78 1.097 10 36.9 24.8 22 6.4
S Civil servant/ Company Self-employed Boss or
tudent R :
institution staff staff entrepreneur executive

SD2 3 2.88 1.425 29 3 371 12.8 18.1
(Thousand 3 3-6 6-10 10-20 >20
yuan)
SD3 3 245 1.207 28.1 25.1 25.8 15.8 5.1

Note. VI, value identity; CON, convenience; EC, economy; COM, comfort; PS, perceived safety; US, user satisfaction; UL, user loyalty; TC, travel char-

acteristics; SD, sociodemographic factors. * indicates reverse scoring.

may be dominated by a certain population. To ensure the
reliability of the samples, nonmonetary gifts were provided
to the interviewees to encourage them to complete the
questionnaire. A total of 700 questionnaires were distrib-
uted, and 634 questionnaires were collected. After ques-
tionnaire screening, we eliminated missing and disorderly
questionnaires. Finally, a total of 569 valid questionnaires
were obtained, meeting our research requirements.

4. Results

In this section, first, a descriptive analysis of the question-
naire items will be presented. Next, the measurement’s re-
liability and validity will be illustrated by reporting
Cronbach’s alpha (CA), AVE, CR, and KMO results and
correlations of the constructs. Subsequently, the hypotheses
are tested. As the final result of investigating our conceptual

model, the path coeflicients and significance between the
constructs of the SEM are reported.

4.1. Descriptive Analysis of Questionnaire Items. Table 3
presents the median, mean, standard deviation (SD), and
percentage of each response category for each of the items in
the questionnaire. There are some important trends in the
responses. For example, most of the respondents strongly
agree with four statements related to convenience, indicating
fairly consistent attitudes toward these elements across the
respondents. Similarly, the highest mean scores apply to the
items in the convenience construct, while items PS3 and PS4
for perceived safety and items COM2 and COM3 for social
influence generated the lowest mean scores compared to the
other constructs. The mean scores for TC have average
values (3.68, 3.82, and 3.91), and the mean scores for SD have
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TABLE 4: Means and SDs of model variables.

PQ M(SD) US M(SD) UL M(SD)
Total (N =569) 3.64 (0.39)  2.75(0.51)  3.82 (0.69)
Male (n=312) 3.62 (0.39)  2.76 (0.49)  3.84 (0.70)
Female (1= 257) 3.66 (0.38)  2.74 (0.52)  3.80 (0.45)
Age <18 (n=57) 3.68 (0.39)  2.81 (0.56)  3.96 (0.82)
Age 18-25 (n=210)  3.59 (0.38)  2.71 (0.48)  3.80 (0.67)
Age 25-35 (n=141)  3.61 (0.37)  2.67 (0.53)  3.73 (0.66)
Age 35-50 (n=125)  3.71 (0.40)  2.85 (0.46)  3.85 (0.65)
Age >50 (n=36) 3.74 (0.42)  2.89 (0.61)  3.97 (0.76)

average values (2.78, 2.88, and 2.45). Most of the respon-
dents would recommend bike sharing to their relatives and
friends.

Table 4 provides the means and SDs for PQ, US, and UL
for different genders and ages. The results show insignificant
gender differences in PQ (13, = 0.001, p>0.05), US
(r}s = =0.002, p>0.05), and UL (r{; = -0.001, p>0.05).
However, men are more satisfied with and loyal to bike-
sharing use. Women, as well as first-time users and novice
cyclists, have stronger perceptions of quality. Different ages
show significant differences in US (r{ = 0.015, p <0.05)
and PQ (rgy=0.013,p<0.05) but not in loyalty
(r%jL = 0.004, p>0.05). Older people (age >50) are more
satisfied with bike sharing. Young people are relatively
unsatisfied because they use bike sharing more frequently
and ride for longer periods of time, rendering them more
attuned to the PQ of riding than elderly people.

In addition, we compared results by gender, age, oc-
cupation, and income. We used an ANOVA to determine
differences between mean group values and found that, in
addition to gender, age, occupation, and income show
significant differences in impacts of PQ (réenger_PQ =
0.001, P>0.05; 3., pq = 0.013,P<0.05 7 paionpq =
0.013,P<0.05; rfmomefPQ =0.014, P <0.05). Therefore, we
used age, occupation, and income as observation variables
to analyze the impact of SD on PQ. In the same way, the
average travel time, average travel distance, and shared
bike use frequency are used as observation variables to
explore the impact of TC on PQ.

4.2. Reliability Analysis. After performing a principal
component analysis of the data, the principal component
factors were extracted by maximizing the orthogonal rota-
tion of variance. The load coefficients of the selected vari-
ables are greater than 0.5, ensuring the reliability of the
variables. Then, the reliability of the study was measured by
values of CA and composite reliability (CR), which over-
come the shortcomings of split-half methods, such as the
Kuder-Richardson formula and split-half reliability, and are
the most commonly used reliability analysis methods in
social science research [54]. The CA value of the sample was
measured as 0.839, which is greater than 0.7, indicating that
the scale has good internal consistency. The CR value is
greater than 0.7 [49], indicating that the questionnaire data
show a good degree of confidence. Moreover, the average
variance extracted (AVE) computes discriminant validity

and the amount of variance produced by each construct
according to its components. The AVE is acceptable if values
are higher than 0.5. Above all, the questionnaire data are
suitable for the construction of SEM. The detailed analysis
results are shown in Table 5, which shows the loading
factors, CA coefficients, and CR and AVE values for the
constructs.

4.3. Validity Analysis. SPSS 25 was used for factor analysis,
and Kaiser-Meyer-Olkin (KMO) and Bartlett tests were
carried out. The KMO measure of sampling adequacy
reached 0.847 (greater than 0.8), and the correlation was
found to be good. From Bartlett’s test of sphericity, the
approximate Chi-square value was measured as 845.358, and
the p value was measured as 0.000, which is less than 0.01.
Therefore, the results of this questionnaire are suitable for
factor analysis, which is wused directly for model
construction.

The AVE is applied to compute the discriminant validity
of the model [49]. Discriminant validity is based on the
premise that the correlations between different constructs
should be low. Lower discriminant validity means that a
model’s constructs are similar. This can be tested by com-
paring the square root of the AVE to the correlation coef-
ficient. If the square root of the AVE is greater than the
correlation coeflicient, the degree of discriminant validity is
good. In Table 6, the dimensions’ square roots of AVEs are
greater than the correlation coefficients between the di-
mensions. Therefore, the discriminant validity of this model
is good.

4.4. Model and Hypothesis Testing. The ML method is the
most widely used method for estimating fit in SEM. Many
studies have found that when the sample size is large, the
estimation result of the maximum likelihood method is
reliable even if the data do not obey the multivariate normal
distribution [55, 56]. However, many scholars believe that
when using the Likert scale, it is best to verify that the data
follow a multivariate normal distribution when ordinal
variables are treated as continuous variables. The assump-
tion of multivariate normality is difficult to test because it is
not feasible to test whether the linear combination of infinite
variables is normal. The existing detection methods are too
sensitive, which may lead to valuable results being discarded.
Some studies also provide alternative solutions, assuming
that multivariate normality can be partially tested by testing
the normality of each variable. Normality can be assessed by
statistical or graphical methods [57, 58]. We tested the data
and found that the data points of the normal P-P plot of each
observed variable in the structural equation model are on the
diagonal line representing the normal distribution, and all
the data points in the castrated normal P-P plot of each
observed variable are randomly located around the 0 scale
line. The absolute value of each observed variable kurtosis
and skewness is less than 2, which is generally considered to
obey a multivariate normal distribution. Therefore, we
employ the maximum likelihood (ML) estimate for the SEM.
Tables 7 and 8, show that all of the hypotheses of the model
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TaBLE 5: Construct loading factors, CA coefficients, CR values, and AVEs.

Constructs Items Loading factor AVE Cronbach’s alpha CR Mean Standard deviation
PQ 0.522 0.815 0.845 3.640 0.387
VI VI1 0.665 0.506 0.747 0.754 3.789 0.492
VI2 0.773
VI3 0.691

CON CON1 0.725 0.504 0.796 0.802 4.009 0.589
CON2 0.753
CON3 0.738
CON4 0.616

EC EC1 0.718 0.529 0.771 0.771 3.767 0.680
EC2 0.736
EC3 0.727

COM COM1 0.622 0.510 0.797 0.801 3.245 0.744
COM2 0.843
COM3 0.813
COM4 0.532

PS PS1 0.786 0.582 0.847 0.847 3.389 0.675
PS2 0.805
PS3 0.725
PS4 0.732

TC TC1 0.801 0.627 0.822 0.834 3.858 0.756
TC2 0.853
TC3 0.716

SD SD1 0.810 0.708 0.873 0.879 2.749 1.187
SD2 0.893
SD3 0.818

US US1 0.842 0.627 0.831 0.834 2.754 0.507
USs2 0.778
Us3 0.753

UL UL1 0.723 0.537 0.700 0.698 3.823 0.686
UL2 0.742

TaBLE 6: Correlations of the constructs.

Constructs A B C D E F G H I ]
ATC 0.792

B.SD 0.033 0.841

C.PQ 0.061 134%* 0.722

D.US 0.071 .108* 446" 0.792

E.PS 0.061 0.044 .184** 231% 0.763

F.UL 129** .108** 417+ 437 .319*F 0.733

G.VI 0.018 0.029 0.072 0.068 0.002 0.058 0.711

H.EC .087* 0.031 488" 463" 282%F .519** 0.025 0.727

I.CON 0.008 0.041 .375%* 433 166** 461** 0.068 626" 0.710

J.COM 114** 136%* 606" 698" 597** .705%* 436" 559 A717F 0.714

“Note: *p<0.05; **p<0.01.

TaBLE 7: Results of the structural model.

Hypothetical Path Estimate S.E. Effect direction Results

H1 PQ—US 2.418 0.374 + Supported
H2 US—UL 0.562 0.093 + Supported
H3 PQ—UL 0.757 0.304 + Supported
H4 TC—PQ 0.042 0.017 + Supported
H5 SD—PQ 0.026 0.011 + Supported

*Note: *p<0.05 **p<0.01; *** p<0.001.
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TaBLE 8: Test results of model hypotheses (indirect effects).

Latent dependent variable Latent 1nf1ependent Direct effects Indirect effects Total effects Hypothetical results Varla}nce
variable explained
. . H3 supported 2 B
UL PQ 0.265 0.475% (2.014) 0.740 HG supported R?(UL) = 0.681
uUsS 0.599*** - 0.599 HI supported R?(US) = 0.628
Us PQ 0.793*** - 0.793 H2 supported
PQ TC 0.133* - 0.133 H4 supported  R?(PQ) = 0.034
SD 0.126* - 0.126 H5 supported

*Note: *p<0.05 **p<0.01; *** p<0.001.
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values.

TaBLE 9: Fit indices of the model.

Fit indices p X2/df GFI RMSEA AGFI CFI NFI NNFI IFI
Result 0.000  2.30 0.902 0.048 0.884 0.931 0.885 0.924 0.932
Range [59] <005 <3  (0.75,0.99) (0.00,0.13) (0.63,0.97) (0.88,1.00) (0.72,0.99) (0.73,1.07)  (0.88, 0.98)

pass the significance test, and the proposed theoretical model
better explains differences in UL related to bike sharing
(R* = 0.681). SD are positively associated with the PQ of
bike-sharing use (8 = 0.133 and p <0.05). TC are positively
associated with PQ (f = 0.126 and p < 0.05).

From the model results, PQ best explains satisfaction
(8=0.793and p< 0.001) and indirectly affects loyalty
through  the mediating effect of satisfaction
(Bpq—us—ur = 0.475and p < 0.05). According to the ab-
solute value of the path coeflicient, which affects PQ, the
hierarchy of importance is as follows: economy > value
identity > convenience > comfort > perceived safety. From
these dimensions, we can improve service quality, satisfy

users’ psychological expectations, and enhance UL. We
found significant direct (f = 0.599 and p <0.001) and indi-
rect effects (see Table 9) of US on UL. The final structural
composition of the model is shown in Figure 2.

Next, we perform a path analysis of the bike-sharing
choice behavior model, and the fit indices are shown in
Table 9. As shown in Table 9, the fitness of each fit index of
the model passes the test, indicating that the model is highly
fitted. Table 7 shows data on the significance and direction of
effects between the constructs. As shown in Table 8, after
examining the model, all paths are supported. The corre-
sponding T values are greater than 1.96, and the p values are
less than 0.05. These results indicate no violation estimate in
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the model’s verification, show that the estimation process is
reasonable, and demonstrate that the overall model fit test
can be performed.

5. Discussion

In this research, we constructed a model framework to
describe the impact of SD, TC, PQ (user perception), and US
(psychological expectation) on bike-sharing UL (user choice
behavior) and used the SEM method to estimate the path
and hypothesis relationships between the variables. The
results confirm that SD, TC, PQ, and US play a vital role in
loyalty. PQ involves not only the services provided by bike-
sharing operators but also the effects of infrastructure
conditions, riding environments, socioeconomic conditions,
and even social cultures. Perceived safety, convenience,
economy, comfort, and value identity have positive and
significant impacts on PQ.

We summarized the user characteristics and TC of bike
sharing. From our statistical results, users with more edu-
cation tend to exhibit more acceptance of bike sharing, and
most bike-share users were found to be in the low- or
middle-income group. The overall use frequency of bike
sharing was relatively low. For bike-share users, the suitable
range for using shared bikes was 1-3 km, echoing the work
of [60], where users were found to be more likely to use a
public bike when the travel distance was within 1.5-3.5km
and where the majority of travellers would choose other PT
options if the travel distance was more than 3.5km. This
result may be due to limitations of time and effort.

Economic factors are still considered the most important
factor affecting PQ. On the one hand, the income structure
of users shows that users with monthly incomes of less than
RMB 6000 accounted for 74% of all users, and the pro-
portion of travel by private car or taxi is low when no bike-
sharing options are present [61]. While the yearly increase in
residents’ income may reduce the attractiveness of bikes, the
costs of car ownership, including environmental protection
costs, congestion costs, parking charges, and license plate
control, are rising, which will offset the effect of rising
resident incomes to a certain extent. What is striking is that
we found through face-to-face interviews with users before
the formal investigation that almost no users reported caring
about the price of bike sharing. This may reflect a “social
desirability bias effect.” Some users may feel embarrassed
about the importance of “economics” in face-to-face in-
terviews because this is easily associated with failure in
China.

Value identity is the second most important factor in
shaping PQ and includes two aspects. The first is self-identity
or whether users strongly recognize the value of bike
sharing. Studies have shown that values need to be linked to
the self to affect choices made [62]. The second aspect is
social identity or whether society recognizes the positive
impact of bike sharing, which is often used instead of other
travel modes. Value identity is a very important aspect of PQ
because of its widespread influence, such as regarding
whether government managers are more willing to invest
and allocate resources to bike sharing than other modes of
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transportation. For a long time, motorized transportation
thinking, status brought by high-end cars, and negative
judgment of bike travel value from government adminis-
trators and other travel mode users have suppressed the
decision to bike as one’s first choice. With growing envi-
ronmental awareness and increasing traffic congestion and
the positive effect of bicycling on health, the personal and
social value identity of bike sharing is expected to gradually
improve, which should positively affect its promotion. Chen
[63] confirmed this conclusion by finding the perceived
green value to have a positive effect on loyalty to a public
bike system [63].

Although convenience was not found to be as important
as expected in other literature [63], it still plays an important
role in PQ and an especially significant role in access to
subways and buses [7]. The development of intelligent
transportation has made the use of bike sharing very con-
venient, but a lack of parking spaces has lessened its con-
venience. In addition, the hilly terrain of Changsha reduces
the convenience of riding, but some bike-sharing devices are
equipped with electric assist devices, which may result in
inconsistent evaluation results. With the continuous ex-
pansion of urban areas, the likelihood of using bike sharing
alone for all travel is relatively low. Thus, the most important
aspect of bike sharing to develop is greater access to public
transit, and bike sharing must be made more competitive
relative to private motor vehicles. From this perspective, bike
sharing should be included in urban public transit devel-
opment systems, such as in the case of “public transit cities”,
and receive policy support accordingly.

Requirements for comfort are mainly reflected in the
riding environment, which is more difficult to control than
the comfort of a bike. Concerns about comfort are mainly
focused on the uncertainty of the riding environment, which
has a more negative impact on the rider’s choices, even if
only a few difficult locations exist along a riding path. That is,
improving the predictability and completeness of riding
comfort is more important than improving the quality of
riding facilities. Therefore, if funds for large-scale trans-
formation are lacking; the government’s focus should not be
on the overall improvement of a small number of model
roads or small-scale areas. Rather, the government should
attempt to achieve the complete transformation of a specific
facility, even though its quality is relatively basic. Adopting
simple and available measures to ensure certainty in man-
agement is appropriate.

Perceived safety affects PQ, and when users face un-
certainties such as risk, they will abandon the bike-sharing
option. We found that perceived safety is less important
among the drivers of PQ likely because many other factors of
PQ are associated with perceived safety, which subsequently
reduces a user’s perception of risk. Policy makers are vig-
orously promoting green transportation and carbon-free
travel, which has led to the gradual improvement of non-
motorized facilities. Providing complete safety facilities to
reduce users’ concerns over risk is also part of creating a
good riding environment.

Our findings also indicate that when investigating the
process of UL generation, PQ will have an impact on US, and
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all factors indirectly affect UL through US. Therefore, US
needs to be considered from multiple perspectives. Im-
proving satisfaction with bike sharing can play a multilevel
role in cultivating UL. Although high satisfaction does not
mean that a user will change travel modes or that usage
frequency will improve, considering the diversity of travel
purposes, its positive influence is still significant. For ex-
ample, by improving satisfaction, word-of-mouth can be
encouraged and nonusers can become users, enhancing
recognition of bike sharing and providing a basis of public
opinion for the government to formulate incentive policies;
such an approach can also encourage people to use bike
sharing on holidays or weekends. Therefore, for operators
and the government, building a bike-sharing system based
on US is the most effective means to increase UL to travel
mode options.

5.1. Policy Recommendations. Some policy recommenda-
tions for improving US and UL and increasing acceptance of
bike sharing include the following:

(1) The findings of this research can facilitate the design
of better bike-sharing systems for operating com-
panies, help the government formulate more rea-
sonable incentive and management policies for bike-
sharing, and provide guidance for the transforma-
tion of bike infrastructure.

(2) Bike sharing is suitable for short-distance travel.
Communities that include residential and com-
mercials, offices, and schools are more conducive to
increasing the frequency of shared bike use, and the
government should consider this when planning
cities.

(3) The government’s active publicity and policies en-
couraging the establishment of bike clubs and en-
couraging certain values rather than treating bike
sharing as an inexpensive travel option are important
for promoting shared bikes.

(4) By formulating policies on PT [64], congestion, and
traffic and card restrictions, the utilization of shared
bikes can be effectively improved.

(5) As China is a developing country, economic factors
are still the most concerning for users. If the Chinese
government wants to reduce the proportion of
private car trips and increase the proportion use
“low-carbon” transportation, bike sharing should be
encouraged and not banned or restricted in certain
cities, and the government should formulate policy
tools to improve the economy, such as coupons for
free cycling during rush hour and offering one yuan
off for using shared bikes instead of PT.

(6) China’s population is aging, so it is vital for policy
makers to take steps to explore means to increase
usage among the elderly. Safety-related factors may
be the most important to the elderly, and the gov-
ernment must develop safer road facilities and bike
design and traffic management systems.
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(7) Electric-assisted bike sharing can extend travel dis-
tances and is very suitable for cities with complex
terrain. The government should encourage this type
of bike sharing, but battery safety concerns must be
strictly reviewed, especially for the summer months,
when batteries can easily burn and explode.

(8) Excessive bike sharing will infringe on pedestrian
space along roads, which will generate complaints
from some citizens; if the number of bike-sharing
facilities is not sufficient, some users will be unable to
access such services, which will reduce their loyalty.
Determining a reasonable number of bike-sharing
facilities and increasing bike parking lots can better
enhance satisfaction with and loyalty to shared bikes.

5.2. Limitations and Future Research. Although the present
study makes some discoveries, it has several limitations, and
turther research is needed to fill the following gaps. First, a
survey was used to obtain interviewees’ subjective percep-
tions of the investigated items. Subjective data have inherent
drawbacks that are difficult to avoid in surveys [65].
Moreover, we used an interception survey. Although we
applied a variety of methods to ensure the randomness of the
survey, we only achieved quasi-random sampling. In this
regard, more objective results such as big data gathered from
bike-sharing systems may provide additional insights. Sec-
ond, our data were gathered in a single time period. Cross-
sectional data do not allow for a dynamic assessment of
changes in the related behavior of users, which may affect the
applicability of our results. Future research should investi-
gate the choice behavior of bike-share users through a
combination of cross-sectional and longitudinal research.
Third, our survey did not involve nonusers of bike-sharing
services and thus cannot be used to develop strategies to
cultivate loyalty by encouraging first-time adoption. Future
research must discuss ways to encourage nonusers to use
such services for the first time and to cultivate the loyalty of
bike-share users.

Furthermore, comparative research should be carried
out under different conditions. For example, the use of bike
sharing should be considered in relation to more topo-
graphic-, weather- and climate-related variables, such as by
studying hilly and flat areas, activity on rainy and sunny
days, and usage in the summer and winter. Differences
between weekdays and weekends, large and small cities, and
different countries and cultural backgrounds should also be
considered. Many countries, including China, Japan, South
Korea, and Russia, have aging populations. Making bike
sharing suitable for the elderly will be a valuable research
direction whether by improving the safety and comfort of
bikes or updating infrastructure such as bike lanes, and such
improvements should be based on research on the travel
choice behavior of the elderly. It is very important to
subdivide research fields. A successful bike-sharing system
in one city cannot be simply copied in another city; a
successful shared bike system may also ignore the needs of
some citizens, or other imperfections may remain. Further
research is required. The present research only considered
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the situation in China, and comparing the use of bike
sharing in different countries would also be a fruitful re-
search topic in the future.

6. Conclusion

User characteristics, TC, perceptions, and psychological
expectations play an important role in bike sharing as a
travel behavior. It is important to combine various factors to
formulate demand-guidance strategies for bike sharing and
bikes using this model, which has the potential to influence
travel modes. The model proposed in this study combines
PQ with user characteristics, TC, evaluation, and motivation
and demonstrates the asymmetric responses of different
users to multiple dimensions of related indices. Finally, the
model successfully verifies complex relationships to other
variables, which can be used to predict a user’s travel in-
tentions. Meanwhile, although research on satisfaction and
loyalty theory has flourished in recent years, the theory is still
developing. Whether there are thresholds for the influence
of some factors, such that the corresponding countermea-
sures must only reach a certain level to show positive effects,
is a problem that requires further study. Some new tech-
nologies can be used to analyze a user’s travel process more
accurately. For example, factors such as path complexity and
cycling environments have been difficult to evaluate.
Combining GIS street view image analysis based on deep
learning and user experience surveys may solve this prob-
lem. In addition, we propose a new evaluation index and
thresholds to measure relevant influencing factors. For
example, in the evaluation of bike-sharing services for
accessing PT, the transfer tolerance index can be used be-
cause such services must not be based on a simple super-
position of distance and time, as it is also necessary to
consider complex psychological factors. If a certain tolerance
threshold is exceeded, users will abandon using bike sharing
to access PT. Tolerance is difficult to measure directly, and
thus, a percentage index can be constructed to measure how
close a traveler’s perception is to the corresponding toler-
ance limit.
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