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Abstract: In China, dockless bike-sharing programs (DBSPs) play a significant role in promoting
the goals of sustainable urban travel and carbon emissions reduction. However, the sustainability
of DBSPs is increasingly being challenged as various issues associated with different stakeholders
emerge. While numerous studies have focused on the barriers to traditional bike-sharing programs,
the sustainability performance of new-generation DBSPs is largely overlooked. It is accordingly
imperative to understand the primary challenges that impede the sustainability of DBSPs and to
consider what stimulative measures can be taken. In this study, we investigate the factors that are
critical to DBSPs” sustainability from a network perspective. Stakeholder-associated factors and
their interrelations were identified via literature analysis and interviews, and the social network
analysis (SNA) method was employed to recognize the critical factors and links in DBSPs. As a result,
10 critical factors and 10 major interactions were identified and further classified into six challenges.
Sharing transport schemes, legislative perfection, public private partnership (PPP), and product
lifecycle management (PLM) were proposed to govern these challenges. This paper contributes to the
existing body of knowledge of bike-sharing programs via a network approach that integrates the key
influencing factors with those factors” associated stakeholders. Furthermore, these findings provide
the government and operators with implications for mitigating the tough challenges and facilitating
the sustainability of DBSPs.

Keywords: critical factors; dockless bike-sharing; sustainability; stakeholder-oriented; social network
analysis; sharing transport; Mobike; Ofo; governance

1. Introduction

For the past three years, the fourth-generation of dockless bike-sharing programs (DBSPs, e.g.,
Mobike and Ofo) have experienced a rapid expansion and a boom period in China [1,2]. By March,
2017, the scale of the supply of dockless bikes for sharing in Chinese cities had reached over 4 million,
and Shanghai alone had reached about 450,000 [3]. While Mobike became the world’s biggest operator
of DBSPs in December, 2016, Ofo had secured over 20 million users by March, 2017 [1]. Compared with
traditional bike-sharing programs, DBSPs integrate mobile payment and global positioning system
(GPS) tracking into the system, these features greatly increase the ease of use and management of
DBSPs [4]. When using bike-sharing, urban dwellers not only ease the travel problem of “the last mile”,
but they can also achieve the financial savings, health benefits, and a low-carbon lifestyle. However,
with the large-scale deployment of shared bicycles in Chinese cities, issues such as theft and vandalism,
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uncontrolled parking and waste accumulation are gradually surfacing. These issues are increasingly
impeding the future development of DBSPs. Local governments in Beijing, Shanghai and other
Chinese cities have forced operators to discontinue the bike-sharing supply programs. In this context,
the promise of DBSPs being a means to facilitate sustainable urban travel and reduce carbon
emissions is seen as a paradox [5]. How to address these problems is critical to achieve dockless
bike-sharing sustainability.

In order to address the market failure of DBSPs, the central government of China launched
a policy in August 2017. The aim of the policy is to strengthen bicycle-parking management
(e.g., the construction of bike lanes and parking spots), implement the real-name system for users
registration, and encourage social supervision and public opinion, thus forming a coordinated
governance situation among governments, operators, social organizations and the public [6].
Social media and experts have repeatedly called on DBSPs operators to address the bike-sharing
issues of waste recycling, deposit refunds and so on. Nevertheless, because dockless bike-sharing
programs involve a complex social network, a variety of stakeholders have been influenced, and the
interrelationships between them are also complex [7,8]. At this time, there are still no effective measures
in place to make the development of DBSPs more sustainable [4].

Numerous studies have investigated the influencing factors associated with bike sharing.
These studies have largely focused on the perspectives of usage behavior and choice intention [9,10].
Although scholars such as Fishman and Chardon have investigated the barriers, facilitators and
determinants to the sustainable development of traditional bike-sharing schemes [11-13], these factors
have changed in new-generation bike-sharing. They have also not considered the linkage between
those influencing factors and stakeholders during the analysis procedure. Since the fourth-generation
bike-sharing programs have been integrated with public transit systems and involved various
stakeholders [1], the relationships between critical stakeholders and influencing factors should be
afforded sufficient attention. It is therefore necessary to re-identify the critical factors that challenge
DBSPs’ sustainability and consider what stimulative measures can be taken from a stakeholder
network perspective.

The main objectives of this study are: (1) to examine the critical factors that affect or impede
the sustainability of DBSPs, from the perspective of stakeholders; and (2) to propose corresponding
strategies to address the challenges encountered in the management of DBSPs. To achieve these
research goals we employ the social network analysis (SNA) method, which is used to model
organization structure and analyze interactions in complex social environments, in order to investigate
the critical factors and those factors” interactions in DBSPs. This paper can provide implications
and suggestions for local governments and operators on how to mitigate the existing challenges and
facilitate the sustainable development of DBSPs. Furthermore, this study contributes to the existing
body of knowledge of bike sharing via a network approach, integrating the critical influencing factors
with their associated stakeholders.

The paper is organized as follows. Section 2 lays out the literature review and background of
bike-sharing. Section 3 elaborates the methodology, data collection and processing. Section 4 presents
the research results, which include network level, node and link level results. Critical factors are
discussed, and corresponding management strategies are given in Section 5. The final section concludes
this paper.

2. Literature Review

2.1. Developmental Process of DBSPs

The increasing attention being paid to global energy and climate change has given rise to growing
interest in sustainable transportation alternatives [14]. Since the first-generation of bike sharing
programs, namely the “White Bike”, emerged in Amsterdam in 1965, bike sharing has experienced
a dramatic growth and development in Europe, North America, South America, and Asia [15].
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Numerous studies have been conducted to investigate the impact of bike-sharing programs, both in
terms of implementation and operation [16]. There is a growing consensus that bike-sharing systems
could bring about benefits such as time savings for travelers [4,17], mitigating congestion [1,18],
promoting a healthier lifestyle [19,20], and reducing air and noise pollution [21]. Nevertheless,
research has also indicated that bike-sharing programs have typically had significantly low usage
rates. Scholars such as Fishman et al. and Shen et al. argued that due to the constraints caused by
the number of urban docking stations, many users of bike-sharing schemes only use them for leisure
purposes, but not for commuting [4,12].

In this context, many scholars began to worry about the negative externalities of bike sharing.
For instance, with the increasing number of docking stations, the ancillary facilities would occupy
public space and subsequently cause road congestion [22]. For the past several years, the usage rates
of public bike sharing services have been declining in almost all countries that have bike-sharing
systems [21]. This was the case until 2015, when the emergence of the fourth generation of products in
China settled a series of problems. These fourth-generation dockless bike-sharing programs (DBSPs)
integrate mobile payments and GPS tracking into the system, thus greatly increasing the ease of use
and management [4]. For example, since the docking station is not required, users could not only
order service and complete the payment through the smart phone application, but they can also find
nearby bicycles based on the GPS installed on users’ mobile phone and bikes [4]. These bicycles can be
parked in the place where the bike is allowed to park, thus the scale of supply is also not limited by
the capacity of docking station. Therefore, the supply quantity of bike sharing is much larger than
that of traditional public bicycles, which is greatly convenient to the users. However, a combination
of virtually unlimited bike sharing supply and immature management systems caused widespread
challenges to the success of even the new DBSPs. Although it is undoubtedly important to investigate
the factors that profoundly affect the realization of DBSPs sustainability, there have been few such
studies conducted to consider this issue. As a result, this paper aims to bridge the research gap.

2.2. Influencing Factors and Stakeholders Related to the Sustainability of DBSPs

In terms of traditional public bike-sharing systems, researchers have identified numerous factors
affecting bike-sharing usage levels and users’ degree of satisfaction. One study found that bike-sharing
usage is strongly correlated with the planning of city cycleways and docking stations. Also, most users’
cycling behavior depends on the free ride time of public bike-sharing systems [23]. Another study also
found that suffering from a lack of ancillary, urban cycling facilities significantly impacts the usage of
bicycles, and in addition, the interminable sign-up process and mandatory helmet legislation lessen the
spontaneity of cycling [11]. A study by Sun et al. claimed that traffic accidents and congestion,
public transit accessibility and violent crime would influence the usage of public bike-sharing
services [24]. With regard to the new-generation of DBSPs, Shen et al. investigated bicycle usage in
Singapore. Shen’s study found that the fleet scale and built-up environment are positively associated
with DBSPs” usage. As such, DBSP business models, safety and legislation, urban design and planning
should all be intensively considered in future research [4]. The influencing factors mentioned in the
above studies typically involve various stakeholders, who are either directly or indirectly affected by
the implementation and operation of bike-sharing systems. These stakeholders mainly include the
government, users, operators, manufacturers, the general public, and so forth.

Studies have also emphasized the constraints to achieve bike sharing sustainability.
Godavarthy and Taleqani indicated that snow, freezing temperatures, and other adverse winter weather
conditions are the biggest challenges for developing bike sharing systems in America. However,
another study argued that the existence of university campuses and other mitigating barriers to
the use of bicycle services by college students are keys to the success or failure of the bike-sharing
programs. Temperatures, wind and precipitation also have significant impacts [25]. Although these
studies help us to understand the various factors that restrict bike-sharing systems, the authors
did not demonstrate how to mitigate those challenges or who the corresponding stakeholders are.
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Furthermore, Yahya revealed that while previous studies have identified the barriers of traditional
docked bike-sharing systems, we see the necessity to re-identify and re-assess the critical challenges to
achieve DBSPs sustainability [26]. Based on the case study analyses of bike-sharing programs in five
cities of China, Zhang et al. pointed out that an exploration of the influencing factors associated
with stakeholders should be considered as an imperative and significant step in the planning,
implementation and completion of bike-sharing programs [8]. Based on the above discussion of
existing literature, this study considers how to investigate the critical challenges to achieve dockless
bike-sharing sustainability from a stakeholder perspective.

3. Research Methodology and Processes
3.1. Methodology

3.1.1. SNA

Since the social network analysis (SNA) method was introduced by Moreno in 1934, it has
been widely applied in many research fields, including but not limited to risk management [27],
construction project management [28], information management [29], and waste management [30].
A social network is defined as a specific set of linkages among a defined set of persons, with the
additional property whereby the characteristics of these linkages as a whole may be used to interpret
the social behavior of the people involved [31]. In terms of a dockless bike-sharing program, the SNA
views such a system as a complex system comprised of various stakeholders and interrelationships.
The aim of network analysis is to explore stakeholder-associated factors and their correlations within
DBSPs. According to Chinowsky et al. (2008), the SNA method can use social graphs to visualize the
complex and abstract relationships between multiple stakeholders [32]. The social network method
is fundamentally different from the statistical analysis and behavioral science research methods [33].
Compared with other research methods, the SNA can explore critical factors through the pattern or
structure of relative relationships and related stakeholders. In addition, the influence of stakeholder
behaviors and interactions can be systematically quantified from the perspective of network [34].
However, SNA has not been employed in the area of bike-sharing programs, thus this study extends
SNA application to a critical factors analysis of DBSPs sustainability.

In SNA, all nodes are encoded in the form of SxFy, where x represents the number of stakeholders,
and y represents the factors related to this stakeholder. For example, S3F6 is the sixth influencing
factor related to the third stakeholder. Nodes with different shapes represent factors related to different
stakeholders, while different color nodes represent different categories of factors. The arrows in the
network represent the relationship among factors, and the thickness indicates influence degree of
the relationship. Furthermore, there are several indicators in SNA to measure the role of nodes and
analyze the network, including density, degree of node, status centrality, brokerage, and betweenness
centrality [33]. These indicators measure the factor network from different aspects.

3.1.2. Research Framework

Previous studies on risk management using SNA have normally followed a classical framework,
including risk identification, risk evaluation, analysis of critical risks and stakeholders, and risk
response [32,33]. The factor analysis approach encompasses a risk analysis, and to a certain extent,
these two methods have analogous characteristics and analysis steps. Scholars such as Yu et al.
and Zheng et al. indicated that integrating a traditional framework with the SNA method can also
effectively identify key influencing factors and various stakeholder interactions in other complex
programs [26,27]. Therefore, this paper constructs a research framework according to the proposals of
the above-named scholars. The primary steps for this study are: (1) identifying both the factors that
affect DBSPs sustainability and the corresponding stakeholders; (2) estimating the influencing factors
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among different stakeholders; (3) conducting an analysis of critical factors and stakeholders; and (4)
developing corresponding management strategies. The detail framework is shown in Figure 1.

Processes Methods Key steps Outcomes
Factors ||| Literature analysis Identify potential | | | Aninfluencing
identification and interview influencing factors factor list
q q Qua.ntlfy .the inter- A influencing
Factors evalution — Interview — relationships among T
q factor network
different factors
Analysis on Social network Identify critical factors, Critical factors to
critical factors and |— analysis —  inter-relationshipsand  —+— achieve DBSPs
stakeholders y corresponding stakeholders sustainability
Management
Challenges ||| Social network Develop corresponding | | | strategies for
response analysis management strategies DBSPs
sustainability

Figure 1. Research framework.

3.2. Processes

3.2.1. Data Collection

Interviews refer to the face to face communication between investigators and interviewees.
On the one hand, open discussion can enable both sides to acquire a mass of information and mitigate
ambiguity. On the other hand, information sharing between different participants can significantly
improve data validity [35]. Considering that this study is conducted from a stakeholder perspective,
interviews hence also follow a stakeholder-oriented sampling principle [36]. Stakeholders are persons
who can influence the realization of an organization’s goal, or all individuals and groups affected by
organization’s goal process [37]. According to the analysis in Section 2.2, users (S1), governments (S2),
operators (53), manufacturers (54), and members of the general public (S5) were recognized as critical
stakeholder groups in DBSPs. To ensure data representativeness and prevent the occurrence of biased
judgement, we conducted interviews with all five stakeholder groups. In addition, this survey required
S1 interviewees to have more than two years of experience in using DBSPs. Also, 52 interviewees
must come from a government traffic management department and must also have been involved in
the management of bike-sharing programs. Operation managers and customer service executives of
dockless bike-sharing corporations were the main interviewees of the S3 group, the reason for selection
is that they receive and discover the most problems on bikes-haring. In order to find the most suitable
interviewees, S4 members were mainly introduced by S3, and there is a strong cooperative relationship
between them. Considering the professionalism of this interview, the S5 interviewees were selected
from expert groups or members of the public who expressed an interest in bike sharing. Initially,
we identified several familiar interviewees from the five stakeholder groups, and then a snowball
sampling approach was conducted to invite more stakeholders to take part in this survey. We initially
contacted 58 stakeholders in total, but 19 of them were not interested in our study, and another nine



Sustainability 2018, 10, 2090 6 of 16

invitees explained that they were not eligible to participate in the survey. Ultimately, 30 invitees were
identified as qualified interviewees (with six members in each stakeholder group). The sample size
meets the requirement of data analysis in terms of previous studies [27,36].

Before the formal interview was conducted, we sent the background information and content
of this study to all interviewees via e-mail, in order to help prepare them for answering follow-up
questions. At the same time, interviewees were also asked to respond to the following questions:
(1) What factors do you think may affect the sustainability of DBSPs? (2) Can you suggest additional
factors that are not included in the indicator list (i.e., indicators summarized by the literature shown in
Table 1)? (3) Which of these factors may be relevant to you? Based on our literature review and the
replies to the above questions, we modified the factors and formed an integrated system containing
influencing factors and the corresponding stakeholders as shown in Table 1.

After completing the above work, interviewees were invited to semi-structured face-to-face
interviews, in order to identify the potential connections between the influencing factors.
The advantage of a semi-structured interview is that the interviewers can make necessary adjustments
flexibly according to the actual situation, and the interviewees can choose the appropriate time and
place to complete the interview carefully [35], Hence, the semi-structured interview can effectively
improve the accuracy and authenticity of interview data.

Table 1. Influencing factors and corresponding stakeholders.

Factor Stakeholder Factors

D Node Node Influencing Factors References Category
S1F1 S1
F1 Layout of urban road system [10,38] C1
S5F1 S5
S1F2 S1
B2 Urban traffic accessibility [12] C1
S5F2 S5
S1F3 S1 . . .
F3 Cycling facilities construction [4,11] C1
S2F3 S2
S3F4 S3 F4 Layout of parking places [11,13] Cc2
S3F5 S3 F5 Supply quantity of bike sharing [39,40] Cc2
Serviceability safety )
SIF6 S1 F6 (e.g., product quality and standard) (2541] <3
S1F7 S1
F7 Cost of using unit [40] C3
S3F7 S3
S1F8 S1 - Usi b pled 5] -
sing cash pledges £
S3F8 S3 8 pece
S1F9 s1 F9 _ Convenience of use [11,38,41] a3
(e.g., sign-up process and unlocking)
S1F10 S1 F10 Using comfortable capability [41,42] C3
S2F11 S2
F11 Urban built-up environment [4,22] C1
S5F11 S5
S5F12 S5 F12 Public commuting preferences [43] C4
S5F13 S5 F13 Public low-carbon awareness [38] C4
S1F14 S1 Fl14 Normative awareness of users 2] C4
S4F15 S4 F15 Production innovation Interview C5
S3F16 S3
SAFL6 P Parking management )
F16 (e.g., service, cleaning and tidying) [13,42] S
S5F16 S5
S3F17 S3 ‘ .
F17 Scrap rate of bike-sharing products Interview C5

S4F17 54
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Table 1. Cont.

Factor  Stakeholder Factors

D Node Node Influencing Factors References Category

S3F18 S3

F18 Theft and vandalism behavior Interview C5
S5F18 S5
S3F19 S3 F19 Retrieving waste bike sharing [44,45] C5
54F20 S4 F20 Waste recycling and reusing [44,45] C5
S1F21 S1
S2F21 S2 F21 Efficient legislation and supervision [4] C6
S3F21 S3
S2F22 S2 ‘s i ; idi

2 Government’s mcentlve.s and subsidies [39,46] C6
S3F22 S3 for enterprise
S2F23 S2 i ; i

023 Enterprise cooperation with government [40] c6
S3F23 k] (e.g, PPP mode)
S3F24 S3 . . .

F24 Bike-sharing market competition Interview c7
S4F24 S4
S2F25 S2
S3F25 S3 F25 Corporate social responsibility Interview C8
S4F25 S4
S3F26 S3 F26 Profit model of DBSPs [4] c7
S2F27 S2 i i i i

Fo7 Integrating df)ckless bike sbarmg with [4,18] C6
S5F27 35 public transportation
S1F28 S1
S2F28 S2 F28 Urban air quality [10,11,23] C1
S5F28 S5

To ensure (as much as possible) the accuracy of the interviewees’ opinions, we gave a detailed
verbal explanation of each factor. In SNA, the node represents the identified factor, and the link refers
to the influence of one factor on other factors. Interviewees were requested to clearly identify the
direction of the potential impact, because the relationship could be reciprocal. For instance, if there
is a link from SmFn to SxFy, this demonstrates that SmFn can affect SxFy, and then corresponding
stakeholder groups Sm and Sx will be required to evaluate the association between SmFn and SxFy.

Therefore, there were three types of questions in this assessment: (a) In the development process
of DBSPs, can SmFn influence SxFy (i.e., judging the direction of the link)? (b) What is the likelihood of
such a potential impact (the likelihood of this link)? (c) If SmFn affects SxFy, to what extent (degree of
influence)? Following a similar study conducted by Yu et al. [27] and Li et al. [36], a five-level
Likert scale (where “1” and “5”, respectively, means the lowest and the highest level) was used by
interviewees to answer questions (b) and (c). The integrated influence level of a link (P) is expressed
by multiplying the likelihood rating with the degree of influence.

3.2.2. Data Processing

Normally, a comparative analysis of the data obtained from such interviews would reveal that
some stakeholders corresponding to the link did not reach a consensus on the score (0 < P < 25)
of this link. That is different stakeholders have different evaluation on criterion on some links.
In this case, it is necessary to determine whether or not a reevaluation is needed. We determine this by
calculating the degree of variation of P. According to the calculation and judgement method for degree
of variation [27,47], V = (Pmax — Pmin)/25. If V < 0.2, this means the degree of variation is acceptable,
and then the median of the assessment result can be used to reflect the integrated influence level of the
link. Conversely, if V > 0.2, the interviews with relevant stakeholders need to be conducted again until
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an acceptable result is produced. As a result, we conducted another online conference through QQ
(a social software application developed by Tencent) and obtained the final data of this study.

According to previous studies that used the SNA method [36,48,49], the six indicators of network
density, network cohesion, nodal degree, betweenness centrality, status centrality, and brokerage were
typically employed to present the critical features of the network, and then to recognize key factors
and interactions. Following the interviews, we imported the collected data into NetMiner 4, in order
to calculate the above mentioned six indicators, and to recognize the critical factors, links, and the
associated stakeholders.

4. Research Results

A total of 28 factors and 48 network nodes affecting the sustainability of DBSPs were identified
in the previous literature review and email interviews, as shown in Table 1. These factors and
network nodes eventually formed 255 links via subsequent face-to-face interviews. According to the
characteristics of these factors and the results of the interview, we further divided the identified
28 factors into eight categories, which are environment (C1), planning (C2), perception (C3),
preference (C4), life-cycle (C5), governance (C6), business (C7), and responsibility (C8), respectively.

4.1. Network Level Results

The network level analysis using NetMiner 4 is shown in Figure 2. Here, the influence factor
network consists of 48 nodes and is connected by 255 links. The color and shape of the nodes,
respectively, represent the categories of stakeholders and factors. The arrow shows that there is
an impact relationship between a pair of stakeholder-related factors, and the thickness of the arrow
represents the degree of impact. The influencing factors with more links are at the center of the network,
while the nodes with fewer links are closer to the network boundary. The influencing factors network
structure provides researchers with clear visual insights. The numerous arrows in Figure 2 indicate
that there are many causal relationships between stakeholders, which means that small changes will
affect all factors in the entire network. The network density is 0.113, and the average distance between
nodes is 2.937. This finding indicates that the network is intensive, and the factors are closely related
to each other. The challenges caused by these influencing factors will therefore be very complicated
and difficult to govern. The presence of multiple green nodes at the center of the network indicates
that the performance of operators plays a crucial role in the sustainable development of DBSPs. At the
same time, interactions with these green nodes in the network also occupy most of the existing links.
Considering that there are currently no unified control policies and management measures in place
for DBSPs in China, the problems being exposed for bike sharing are largely caused by the operators’
business behavior. This may be the primary reason why factors associated with operators are mainly
distributed in the center of the network map.

4.2. Node and Link Level Results

In order to recognize the key factors that influence the sustainability of DBSPs, we analyzed the
direct and indirect propagation effects of single nodes. The status centrality map that contains all
factors is shown in Figure 3; it shows the effect of each factor on the whole. Normally, factors at the
center of the map have a momentous effect on the network. Many green nodes are located at the
center of the map, which means that operators play an important role in the running and success of
DBSPs. In addition, there is a yellow node in the center (i.e., S5F12, public commuting preferences).
In the related study, Fishman et al. and Shen et al. found that many users of bike-sharing services only
use them for leisure, but not for commuting [4,12]. Therefore, public commuting preferences, (that is,
the habits of selecting tools for transportation), will greatly influence the sustainability of DBSPs.
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In addition to the status centrality map, previous scholars proposed using multiple indicators to
measure the roles of nodes in the network, including out degree, degree difference, out status centrality
and ego size [48,49]. These indicators show the importance of factor nodes from different angles. Table 2
lists the top 10 factors for these indicators. From this, we find that there are several factors ranking
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high even in different indicators, such as S3F19 (retrieving waste bike sharing), S3F5 (supply quantity
of bike sharing), S5F12 (public commuting preferences) and S4F20 (waste recycling and reusing),
which indicates that these factors are critical to the entire network.

Table 2. Top factors based on ego network, status centrality and degree analyses (In Tables 2—4, the bold
ID are ultimately identified as critical factors and links).

Factor Out Factor Degree Factor Out Status Factor

Ranking ID Degree ID Difference ID Centrality ID Ego Size
1 S3F19 15 S5F12 9 S3F19 1.5 S3F5 23
2 S3F5 13 S5F16 7 S4F20 1.4 S3F19 21
3 S4F20 13 S1F8 6 S3F5 1.3 S5F12 17
4 S2F21 10 S4F20 6 S2F27 1.3 S3F26 16
5 S4F15 10 S2F23 6 S2F21 1.1 S4F17 15
6 S3F26 10 S2F27 6 S3F26 1.0 S4F20 15
7 S2F27 10 S1F7 6 S4F15 1.0 S2F21 14
8 S5F13 9 S1F10 6 S5F13 09 S5F13 13
9 S2F3 8 S3F5 4 S1F1 0.9 S4F15 13
10 S1F14 8 S2F11 4 S3F18 0.8 S4F16 13

Brokerage is a comprehensive evaluation index used to consider node partitions. For each node,
the index counts the number of times each node is counted in five kinds of brokerage relationships,
encompassing coordinator, gatekeeper, representative, itinerant and liaison [50]. Table 3 lists the top
10 nodes in the brokerage analysis. These nodes play a crucial role in bridging the stakeholder groups,
so these factors are also critical to the sustainability of DBSPs.

Table 3. Top stakeholder-associated factors based on brokerage analysis.

Ranking FactorID  Coordinator Gatekeeper Representative Itinerant Liaison  Total
1 S3F5 35 56 41 8 40 180
2 S3F19 30 40 35 10 42 157
3 S5F12 5 9 28 14 24 80
4 S3F26 9 7 29 6 22 73
5 S4F20 5 14 23 8 12 62
6 S2F21 0 0 6 31 18 55
7 S4F17 1 6 6 9 26 48
8 S4F15 3 9 10 7 11 40
9 S4F17 2 4 11 5 15 37

10 S5F13 1 10 6 3 15 35

Eventually, in order to measure the ability of a factor or interaction controlling other effects in
the network, we took stock of the betweenness centrality of different nodes and links. The top 10 are
considered crucial and are shown in Table 4. To some extent, addressing the challenges caused by the
abovementioned factor nodes or interactions can significantly increase the sustainability of DBSPs.

Table 4. Critical influencing factors and links based on the betweenness centrality.

Ranking Factor ID Nodecleaz:rv:;etgness Link ID Lmkct:ltt‘:;iie; ness
1 S3F5 0.276 S5F12 — S3F5 186.585
2 S5F12 0.187 S5F16 — S2F21 98.938
3 S3F19 0.155 S3F5 — S2F3 94.374
4 S3F26 0.092 S2F3 — S5F2 90.544
5 S2F21 0.076 S3F5 — S1F2 81.077
6 S2F3 0.073 S3F5 — S3F19 71.855
7 S1F6 0.064 S3F26 — S2F23 67.774
8 S4F20 0.062 S3F5 — S3F26 65.178
9 S1F14 0.048 S1F6 — S2F3 64.027
10 S3F18 0.044 S5F12 — S1F3 60.722
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5. Critical Factors and Management Strategies

5.1. Critical Factors and Challenges to Achieve DBSPs Sustainability

In Section 4, we analyzed the degree of network nodes, ego network, status centrality, brokerage,
and betweenness centrality of each factor. Considering that the ranking of key factors based on
different evaluation indicators may be slightly different, major studies using SNA tend to choose the
top few factors from each ranking list as the key factors [28]. Undoubtedly, these factors are important
in different aspects of the network. Eliminating these nodes and links could significantly reduce the
degree of network complexity. Furthermore, factors that appear in more than three rankings should
also be identified as critical, because they affect the entire factor network in many ways [27]. This means
that the critical factors have multiple effects on the sustainability of DBSPs. In this study, we followed
the above principles and ultimately determined 10 critical influencing factors and 10 important links
for the sustainable development of DBSPs, as shown in Table 5. To more clearly understand these
key factors and links, we classified them as six major challenges, and a brief explanation of each was
given. The rationale of this classification is that, if one factor node of the 10 key factors and 10 key links
selected exists in multiple links simultaneously, which means that it may lead to multiple problems,
then this is a key challenge. If there are multiple factors or links that have certain relevance, they will
be summarized as another challenge.

Table 5. Recognition of critical factors and challenges according to the integrated network indicators.

Critical Factors and Links Corresponding Stakeholder Main Challenges in DBSPs and Explanation

S3F5 Operators 1. Quantity control: The factors and links contained in this challenge
mainly refer to a series of problems caused by an oversupply of
bike sharing. The more bike sharing services that are supplied,
the more supporting infrastructure is needed. Then, waste
recycling difficulties cause public spaces to be occupied. However,
if too few bike-sharing services are available, this can also lead to
a reduction in traffic accessibility. Therefore, the quantity control
of bike-sharing services is an urgent challenge for both
government and operators.

S3F5 — S2F3 Operators
S3F5 — S1F2 Operators

S3F5 — S3F19 Operators

S4F17 Manufacturers 2. Waste disposal and recycling challenges: Nearly 20 million
bicycles had been put into bike-sharing programs in Chinese cities
S3F19 Operators by }]]:)ecember, 20117). These bicycles wiiger?erate 300 thousand
tons of waste metal after scrapping [51]. Mandatory write-off
standards stipulate that the deadline for scrapping a bicycle is
three years [52], which means that China will face a huge wave of
bike-sharing scrappage. For this reason, solving the waste
recycling challenges is extremely crucial to DBSPs’ sustainability.

S4F20 Manufacturers

S3F26 Operators 3. Exploration of profit model: The DBSPs market competition is
becoming increasingly fierce, and unsustainable profit models

S3F26 — S2F23 Operators (such as lf%ree ride) nie};l to be urgently changed. \/Pi/ith the
bike-sharing supply increasing in a number of cities in China,
operators’ funding chains are being severely tested. The question
now is how to both ensure the necessary liquidity of operators
and reduce the level of user churn. The exploration of this new
profit model will determine the future of DBSPs.

S3F5 — S3F26 Operators

S2F3

Governments

S5F16

Users and public

S2F3 — S5F2

Governments

S1F6 — S2F3

Users

. Alack of ancillary infrastructure and parking management:

Although a huge number of bike-sharing programs have been
launched in most Chinese cities, ancillary infrastructure and
effective parking management systems are desperately lacking.
The construction of ancillary infrastructure (such as bikeways and
fences) would help ensure the cycling safety of residents. Regular
parking management could also effectively reduce scrap rate and
reduce the occupation of public spaces.

S2F21

Governments

S2F27

Governments

S5F16 — S2F21

Users and public

. Challenges to legislation and integration with public

transportation: The Chinese government has issued a series of
policies on DBSPs management. However, some aspects of these
policies still need to be improved, such as traffic rules for cyclists,
and reward and punishment mechanisms for operators. In
addition, the combination of DBSPs and public transportation has
been demonstrated to significantly increase travel efficiency [19].
However, how to achieve synergy is a key challenge for the
government and operators.
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Table 5. Cont.

Critical Factors and Links Corresponding Stakeholder Main Challenges in DBSPs and Explanation

S5F12 Users and public 6. Commuting preferences of residents: The public’s commuting
S5F12 - S3F5 Users and public f}:eferences affect the st.lpply.quanhty of bike sharl.ng,

e construction of ancillary infrastructure for cycling and even
the re-planning of road layouts. Research has found that many
users of bike sharing only use them for leisure, but not for
S5F12 — S1F3 Users and public commuting [12]. Therefore, improving the public’s commuting

preferences could greatly promote and improve the sustainability
of DBSPs.

5.2. Management Strategies (MS) to Challenges Mitigation

Based on the above analysis, we proposed four management strategies to settle the DBSPs
challenge. Due to the fact that the government and operators are the primary enablers of DBSPs in
China, these strategies are mainly based on the government’s and operators’ perspectives, including the
sharing of transport schemes, legislative perfection, public private partnerships, and product life-cycle
management. As a result, a governance framework consisting of critical factors and interactions,
challenges, and management strategies was formed, as shown in Figure 4.

Governance framework
for DBSPs sustainability

I
I
I I
I
|
___________________ -
I | Challenges 2 | :
I |
I | | !
| MSI: Sharing | MS2: Legislative I
| Transport Schemes | '} | Perfection |
I | Challenges 1 Challenges 3 | I
| | A ] | |
I | Critical | |
| | factors and |
| | Interactions |
|
| | | |
| C o |
MS3: Public Private - MS4: Product
| Partnership (PPP) | Challenges 6 Sl 5212 Challenges 4 | Lifecycle !
| | Management (PLM) I
|
| | \/ | |
I |
hall
| o (Challemgess 4 I
I I
|

Figure 4. The framework for understanding critical factors, challenges and management strategies.

e  MS1: Sharing Transport Schemes

Bike sharing has proven to be an effective tool for promoting sustainable transport. As a result
of using bike sharing, urban dwellers not only solve the travel problem of “the last mile”, but they
can also achieve financial savings, health benefits, and a low-carbon lifestyle. From the perspective
of government management, it is necessary to further promote DBSPs as a component of national
transportation strategic planning. The advantage of doing this is that, on the one hand, the healthy
development and re-planning of DBSPs in China’s cities can be guaranteed. Therefore, Challenge 1
(quantity control of bike sharing) can be effectively mitigated. Additionally, the social position of DBSPs
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will be enhanced, which would enable residents to rethink their trip modes. As such, the residents’
commuting preferences in Challenge 6 can also be addressed.

e  MS2: Legislative Perfection

Although the Chinese government has issued a series of policies on DBSPs management, there are
still no effective measures in place to make the development of dockless bike-sharing programs
more resilient and sustainable [53]. Problems such as the excessive supply of bikes (highlighted
in Challenge 1) and the cycling traffic regulations and reward and punishment mechanisms for
operators (Challenge 5) need to be addressed through mandatory legislation and supervision.
In addition, under certain traffic carrying capacity constraints, more effective policies and laws
should be introduced, in order to promote the improvement of urban transportation sharing systems.
For instance, the government could integrate all types of transportation software (including bus,
subway, bike sharing and car sharing) into an information platform. At the same time, crucial traffic
information (such as parking spaces, parking fees and license plate details) could be published on this
platform, thereby helping to realize more effective information sharing and credit accumulation.

e  MS3: Public Private Partnership (PPP)

A public-private partnership (PPP) is seen as a long-term, complex collaboration between the
public and private sectors. Their purpose is to provide infrastructure and public services. As such,
PPPs are widely used all over the world in the construction of sewage treatment, garbage disposal,
highway and rail transit projects [54]. We suggest using a PPP model to develop DBSPs in China.
The special purpose vehicle (SPV) initiative was jointly established by the government and the
bike-sharing industry. The industry is responsible for market analysis, vehicle production and
supply, and the government is responsible for providing supporting infrastructure and promoting
the integration of DBSPs with public transportation. During this cooperation, the government
and bike-sharing industry will share project risks and benefits, in order to achieve their common
goal of improving DBSPs sustainability. Using this approach, Challenge 3 and Challenge 5 can be
effectively governed.

e  MS4: Product Lifecycle Management (PLM)

Product lifecycle management (PLM) refers to information and processes throughout the entire
lifecycle of product management from the perspective of requirements, planning, design, production,
marketing, use, maintenance and recycling [55]. Currently, parking management (i.e., maintenance),
waste recycling and reuse are extremely lacking when it comes to bike sharing. To prevent bike
sharing from going from sharing traffic to “’sharing garbage”, operators should design and perfect
the downstream industrial chain of DBSPs from the perspective of PLM. Furthermore, in order to
ensure that operators achieve the full life cycle management of DBSPs, the Chinese government should
incorporate shared bicycles into the implementation scope of the extended production responsibility
system. This would be considered to be an important means to achieve a sustainable circular recycling
economy and could be widely used as part of Waste Electrical and Electronic Equipment (WEEE)
management [56]. These strategies could play an important role in the mitigation of Challenge 2 and
Challenge 4.

6. Conclusions

The governance of DBSPs sustainability is complex, as this requires that various stakeholders,
as well as multiple influencing factors, be associated with each other. As such, an increasing number of
challenges caused by these complexities need to be addressed as a matter of urgency. This paper lists
the factors that influence the sustainability of DBSPs (and corresponding stakeholders), based on both
a literature review and interviews. In addition, social network analysis (SNA) was applied in order
to examined the critical factors and links, which were in turn classified into the following six major
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challenges: (1) quantity control; (2) waste disposal and recycling challenges; (3) exploration of profit
model; (4) a lack of ancillary infrastructure and parking management; (5) legislation and integration
with public transportation; and (6) residents’ commuting preferences. Considering that settling these
challenges could obviously alleviate the current development bottleneck of DBSPs, we finally proposed
four corresponding management strategies, namely sharing transport schemes, legislative perfection,
public private partnership, and product life-cycle management.

These findings provide a useful reference for the Chinese government’s traffic management
department and bike-sharing operators to take appropriate measures to improve the sustainability
of DBSPs. For instance, understanding the importance of waste disposal and recycling may capture
the government’s attention and encourage them to introduce more specific policies. Meanwhile,
the manufacturers and operators could soon develop equipment and technologies for converting
scrapped bicycles from bike-sharing programs. The study also contributes to the existing body
of knowledge of the fourth generation of bike-sharing products and technologies, as well as their
sustainable development, especially in China. As such, the methodology applied in this study could
also be employed to analyze the critical factors and links in other shared economy projects, such as
car-sharing and sharing accommodation.

The primary limitations of this study are that: (1) not all the stakeholder groups related with DBSPs
were represented in our interviews. For example, taxi drivers and traditional bicycle manufacturers
are also stakeholder groups associated with bike-sharing development. (2) Due to the complexity of
looking for stakeholders and accessing data through interviews, the identification of critical factors and
links was conducted only based on the cognition of 30 interviewees. Some potential factors influencing
bike sharing sustainability may not, therefore, be covered. Thus, a more comprehensive range of
stakeholder groups and a larger number of respondents should be invited to conduct follow-up studies.
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