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Social media has become a valuable platform that enables public and private stakeholders to participate and interact in various
transport policies. Using a network-based perspective and a case study of bike-sharing pricing strategies in China, this paper aims
to quantitatively characterize the pattern and structure of multi-stakeholders engagement networks. Furthermore, this paper also
empirically examines the confirmation bias that might exist among participants. Dataset on retweets from the Chinese Twitter-
Sina Weibo is collected. Results reveal two types of important actors with unequal roles in terms of information diffusion: the
“network root” and the “network bridge.” -e former is mainly comprised of organizations and influential individuals who
dominate message sharing, whereas the latter is comprised of the general public with various occupational backgrounds who
control the efficiency and the scope of information spreading.-e result also reveals a hierarchical structure in both networks and
a community gathering like-minded individuals. -e empirical result also demonstrates the existence of echo chambers in the
transport participation network of governments and enterprises. Most echo chambers operate such that organizations or in-
fluential individuals amplify the views of the general public with more critical viewpoints. -ese findings of this study can assist
transport stakeholders in crafting more sustainable strategies based on the understanding of uneven patterns in online public
participation. Furthermore, this study sheds insights on how social media could be used to facilitate the collection of diverse
people’s opinions and the evaluation of multi-stakeholder engagement for major transport issues.

1. Introduction

Making appropriate policies or strategies is essential to the
sustainable development of urban transport. Traditionally,
transport policy-making processes are characterized by a
top-down approach that the public seldom has access to, for
example, hearings, expert consultants, or publications. It
causes ineffective communication between citizens, private
sectors, and administrative agencies as well as limited
transparent governance [1]. In recent years, with the
emerging of new mobility patterns and services, transport

governance may be undertaken by multiple stakeholders
who have various interests, usually requiring interdisci-
plinary and multiagent cooperation [2]. Consequently, it
highlights the differences in urban transport between the
concept of government-driven sharing and that of collab-
oration among multi-stakeholders, i.e., market regulators,
service providers, and transport system users.

Social media has been widely recognized as being able to
facilitate the engagement of experts, private sectors, civic
organizations, and the public as well as being able to create
large and diffused networks of relationships [3, 4]. Due to the
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potential role of social media in extracting peoples’ real
thoughts and addressing the complexity of stakeholder re-
lations in the transport field, scholars have explored its
applications on both bottom-up and top-down engagement
in urban transport [5]. However, this research remains in the
infant stage.

In recent years, more andmore private stakeholders (i.e.,
platform operators, service providers) have offered personal
and urban level mobility services and thus a method for
opinion collection that can be significant to business pro-
motion strategies. As such, the structure and characteristics
of public participation might be different in public and
private decision-making processes in the transport field.
However, few scholars have investigated the policy-making
participation network from a comparative perspective.

Most recently, a phenomenon of confirmation bias has
arisen from concerns about decision-making or information
processing: that is, the tendency to search for, interpret, and
recall information in a way that is consistent with existing
beliefs [6]. In social media, it is defined as an echo chamber
or filter bubbles [7]. -e presence of echo chambers leads to
information barriers around people and, thus, causes dif-
ficulties in sharing and understanding diverse viewpoints
and even reaching a solution. As such, it is necessary to
confirm the existence and the degree of confirmation bias on
the collected social media data before forming a conclusion
on transport policy issues. However, little evidence has
concerned echo chambers in transport policies and their
influence on the public and private sectors.

For those reasons, we considered it important to present
and analyze the pattern of participation networks in
transport policy-making led by governments (GCPN) and
enterprises (ECPN). -is study also aims to empirically
examine the existence of confirmation bias among partici-
pants in terms of personal attitude diffusion. Two topics on
bike-sharing pricing strategies resulting from government
regulations and business strategies are empirically studied,
by collecting the retweet data from the Chinese Twitter-Sina
Weibo. -e specific objectives are (i) to illustrate the pattern
and characteristics of the citizen involvement in transport
policies by public and private sectors, (ii) to simplify the
structure of participation networks and identify influential
actors/groups with key roles in information dissemination,
and (iii) to empirically examine the degree of confirmation
bias in transport policy participation networks. -e results
can help multiple stakeholders to improve transport policies
from a perspective of the nature of online public engage-
ment. Furthermore, results provide insights into the design
of evidence-driven policy research to avoid the potential bias
when using social media as a platform to gather opinions
and needs of people from different backgrounds concerning
transport issues.

2. Literature Review

2.1. Online Public Participation in the Transport Policy-
Making. Online platforms (e.g., social media, blogs, and
websites) have become a vital channel for public involve-
ment that may be supplementary to traditional or face-to-

face engagement opportunities [8]. Increasing theoretical
efforts and implementations have been devoted to the po-
tential of social media in understanding the complex in-
teractions between transport stakeholders and the public in
the transport domain [9, 10]. For example, transport poli-
cymakers and providers in the USA, like MTA Transit and
Metro-North Railroad in New York City, and DOTs in
Alabama, California, West Virginia, etc., use Facebook and
Twitter to inform travel information or specific events as
well as to connect the feedback from the residents, so that to
facilitate project improvements and misinformation cor-
rections [8, 11]. Furthermore, with the support of web-based
tools/toolkits and text mining techniques [12], ridesharing
agencies can optimize ridership, timeliness, efficiency, and
safety and also reveal the level of satisfaction with ride-
sharing services by monitoring social media [13, 14]. An-
other example is the adjustment of the No. 55 bus route in
Shanghai. -e transport agencies and local magazines dis-
seminated the message about the abolition of the bus route
on Weibo. Since a large number of citizens commented on
this message and expressed their nostalgia for the bus route,
the local government was pushed to interact with citizens
and completely change the initial plan [15].

To date, many methodologies like network science are
developed to demonstrate the complex participation net-
works involving multiple stakeholders [16]. Social Network
Analysis (SNA) is a method proposed by sociologists to
measure the positions and structural characteristics of re-
lationships between social actors [17, 18]. -e main research
topics of SNA in the transport field are summarized into
three categories: megaproject collaboration and manage-
ment [19, 20], multimodal transport network analysis
[21, 22], and participatory decision-making. Of very few
studies using SNA on transport policy issues, Dörry and
Decoville study the situated multilevel governance structure
of cross-border public transport provision by taking the
respective cross-border policy network in the Luxembourg
metropolitan region as a case [23]. Sun et al. use the SNA
method to refine multi-actor multicriteria analytical results
and further evaluate various low-carbon transport policies
[24].

According to the study conducted by Weiss et al. and
Mills et al., SNA can highlight which actors are important for
influencing policies or actions, or for facilitating information
and knowledge transmission [25, 26]. -erefore, this study
applies the SNA method to simplify the structure of par-
ticipation networks in terms of public and private policy-
making.

2.2. ConfirmationBias on SocialMedia andReal-World Policy
Networks. Confirmation bias is a psychological phenome-
non where humans tend to seek information adhering to
their preexisting opinion [27], which has become a widely
debated issue at both the scientific and political levels [28].
Recent studies have shown that information bias is domi-
nant in the social media environment [29, 30], where in-
dividuals are surrounded by people whose viewpoint agrees
with their own, also known as echo chambers or filter
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bubbles [7]. Major social media like Facebook and Twitter
presents clear-cut echo chambers on controversial topics
[31]. -is configuration could cause the spreading of bias
knowledge [32, 33], hamper the democratic deliberative
process by altering the way facts are perceived [34], and even
lead to a loss of common understanding [35]. Several studies
develop the theoretical definitions and mechanisms of echo
chambers [31]. For instance, Jasny, Waggle, and Fisher
propose a more formal operationalization of echo chamber
components, which comprises two processes of an “echo”
and “chambers” and at least three types of actors-speakers,
receivers, and mediating actors [36]. Cinelli et al. introduce a
definition and method of echo chambers based on the co-
existence of two main ingredients: opinion polarization
concerning controversial topics and homophilic interactions
between users [31].

From the policy network perspective, echo chambers are
questioned to affect evidence-based policy-making as they
can hinder policy learning and consensus building [28]. It
has been demonstrated that organizations and individuals
tend to obtain information from those with similar beliefs to
theirs while ignoring information from sources that chal-
lenge their beliefs [36, 37]. Recent studies also provide
empirical evidence of the effects of echo chambers on policy
networks using survey data. For example, Jasny et al.
compare two datasets on the US climate politics at two
points in time and find that echo chambers continue to play
an important role in the information sharing among policy
elites working on climate issues [38]. Wagner and Ylä-
Anttila find that echo chambers are present in the rela-
tionship between the information-seeking behaviors of
policy actors in Irish policy networks; also, they reveal that
policy forums could help alleviate the effects of echo
chambers if organizations with different views were to
participate and to use the opportunities that forums provide
to learn from those outside their networks [28].

Due to the complexity of disciplinary issues emerging in
shared transport and the essentiality of information sharing
among multiple stakeholders, the phenomenon of echo
chambers is potentially influencing the policy-making in
urban transport. -erefore, there is a need to test the ex-
istence of echo chambers in public and private policy-
making and further to emphasize its applicability and ef-
fectiveness in the analysis of various transport policies.

3. Background and Research Methods

3.1. Case Information on Bike-Sharing Pricing Policies in
China. -e dockless bike-sharing service was introduced to
China since the establishment of the Ofo platform in 2014.
-e system consists of government regulators, platform
operators, bike associations, and bike-sharing users [39].-e
number of bike-sharing users increased significantly within
the first two years. However, due to the lack of sustainable
business strategies and management, leading bike-sharing
enterprises like Ofo have faced serious financial problems
since the end of 2018. Millions of riders who placed deposits
demanded their bicycle refunds, causing widespread con-
cerns and debates among the public and government

authorities on deposit-related issues of emerging travel
services in China [40].

In response, the Ministry of Transport (MOT) in China
formally has included the deposit issue in government su-
pervision and published tighter controls soon. In March
2019, an administrative measure of user deposit in emerging
transport was issued to gather advice from the public, fol-
lowed by the final version of the implementation guidance
that was released in May 2019 [41]. -is document specifies
the behaviors of service providers including the schedule of
refunding user deposits and the way of deposit management.
Soon after, several bike-sharing enterprises including
Bluegogo, Mobike, and Hello announced their pricing in-
crease strategies. More andmore enterprises also employed a
higher level of bike-sharing fares in the next months. -e
outline of bike-sharing pricing strategies in China is shown
in Figure 1.

-erefore, this study chooses these two topics on Weibo
to understand the citizen participation in public and private
decision-making, corresponding to the fact that “Chinese
governments have issued an administrative measure of user
deposits in emerging transport services” and “many enter-
prises have launched the price increase in bike-sharing
services.”

3.2. Research Methods. -e analytical framework of this
study includes the collection of retweet data onWeibo, SNA-
based measurement, and echo chamber examination, which
is depicted in Figure 2.

3.2.1. Data Collection. A data set of Weibo retweets on the
abovementioned two topics was collected on July 8, 2019. It
consists of two sections: messages/retweets and informa-
tion of participated users. A snowball sampling method was
used to complete the sample of participants and their
messages in this study. -is data collection method has
been employed in the analysis of social networks and social
dynamics [42]. For each topic, the initial samples were top-
50 most-read messages on Weibo (called the initial mes-
sages). -en, messages forwarded from the initial messages
by users were picked (called the first layer of retweets).
Similarly, retweets of deeper layers were further searched
until no new retweets were founded. -e data set of par-
ticipant information was gathered from their homepage on
Weibo addressed by their usernames shown in the retweet
records. Available features such as job, education, and
identity verification were extracted. -e verification setting
on Weibo enables businesses, celebrities, etc. to show their
credibility and trust, generally correlated with their
numbers of followers and influence. -e participants were
correspondingly divided into three categories: influential
individuals, organizations/companies, and the general
public. Finally, a total of 2335 and 2845 participants who
published 2469 and 2938 Weibo messages related to two
topics were included in this study.

-e next step was to reconstruct the forwarding/for-
warded relationship among participants by parsing the
content of retweets. -rough identifying unique user IDs
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and the retweet identifier (“//@” on Weibo) in the message
dataset, direct/indirect interactions and corresponding in-
formation flow started from the initial participants were
obtained. To map and analyze the data sets, an adjacency
matrix, a square matrix used to represent a finite graph, was
used to represent the relational data among the pairs of
vertices (participants) [43]. -e number of each cell ri,j in
the matrices was denoted as 1 for two participants (i.e., i in
the row and j the column) who were directly linked in the
forwarding/forwarded structure and denoted as 0 otherwise.
A rule was applied here: that is, simplifying the multiple
forwarding/forwarded between the same pair of users into
one.-us, the value of ri,j was binary, in which edges among
participants were dichotomized as 1 or 0.

3.2.2. Network Classification and Measurement. Given this
unweighted directed graph, the network was formalized as a
collection of participants as nodes and their forwarding/
forwarded relationships as edges using the SNAmethod. For
example, there was a directed edge from actor A to actor B
when B forwarded a message from A, which is consistent
with the direction of information flows within networks. As
this study focuses on comparing the participation networks
of public and private sectors, datasets were further classified
into two examined networks: citizen participation network
led by governments (represent as GCPN) and enterprises
(represent as ECPN). As such, a total of 2390 edges (nonzero
cells ri,j) in GCPN and 2873 edges in ECPN were analyzed.
Descriptive analysis characterizes both the overall structure

On March 19, the MOT issued the
Administration Measures of User Funds

in Emerging Transport Business
(SOLICIT OPINION DRAFT). 

On May 16, the MOT and other five departments
jointly issued the Administration Measures of
User Funds in Emerging Transport Business
(TRAIL IMPLEMENTATION) and will be

effective on June 1. 

The Bluegogo
adjusted its charging
rules on March 21. 

The Mobike announced
its price increase and will

be effective on April 8.

The Hello announced its
price increase and will be
effective on April on 15. 

China media reported that riding a
shared bicycle is more expensive

than taking a bus after price
increase. 

Feb 2019 Mar 2019 Apr 2019 May 2019 Jun 2019

July 8, 2019
data collection

Government policies

Enterprise strategies

The officer of MOT announced that
the government will accelerate the
deposit management measure in

bike-sharing in the State Council’s
press conference.

Figure 1: Overview of deposit-related policies of bike-sharing in China.

(ii) Participant information

Analysis on characteristics of overall
participation networks 

(i)
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Average node degree
Network density
Average path length
Network diameter
Main component fraction
Graph centralization
Power-law distribution

Empirical examination of confirmation bias in social networks
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(ii)
Classification of attitudinal opinions
Examine the existence of echo chambers

Data collection of retweet dataset on Weibo

Initial 1st layer 2nd layer

…
(i) Messages/retweets

…
…
…
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Measurement on influential
participants and hierarchical
structure

(i)
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(iii)

Degree centrality
Betweenness centrality
Core-periphery structure

Figure 2: Research analysis framework in this study.
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and the individual performance of network nodes. -e
indicators used are as follows [44]:

(i) Average node degree, which refers to the average
number of edges per node in networks. It includes
in- degree and out-degree which indicate the
number of forwarded messages to and from each
participant.

(ii) Network density, which measures the tightness of
nodes that are calculated as the proportion of edges
that are exiting in the network to the largest number
of possible edges. Its values vary between 0 and 1.
-e greater the density of networks, the more the
contacts among participants.

(iii) Average path length, which refers to the average
number of steps along the shortest paths for all
possible pairs of nodes. It measures information
efficiency on networks.

(iv) Network diameter, which refers to the shortest
distance between the two most distant nodes in
networks. It determines an upper bound of the
distance between any pairs of participants who can
exchange information.

(v) Main component fraction, which refers to the
proportion of main components (or giant com-
ponents). It is a node group with the largest number
of interconnected nodes that emerged in networks.

(vi) Graph centralization, which refers to the degree to
which the centrality of the most central node ex-
ceeds the centrality of all other nodes in overall
networks. It varies between 0 and 1, which quan-
tifies the variation of individual nodes’ importance
and the distribution of node positions in networks.

(vii) Power-law distribution, which refers to the cu-
mulative probability of nodes whose degree is larger
than or equal to k (represented as D(k)), to assess
the unevenness of specific network indicators (e.g.,
out-degree). -e distribution is formulated as fol-
lows [45], where α is the law’s exponent and C is a
constant:

D(k) � C · k
− α

,

ln D(k) � ln C − α ln k.
(1)

Concerning the different roles of individual nodes and
the hierarchical structure in each participation network,
indicators of degree centrality and betweenness centrality, as
well as k-core decomposition, were selected to identify in-
fluential participants/groups in terms of information dis-
semination. Degree centrality (DC) refers to the number of
edges that a node has, which is a primary measure of the
importance of nodes [46]. In a forwarding/forwarded net-
work, a relatively high out-degree centrality indicates that
the corresponding actor has more channels of information
exchanges with other participants and is thus at a more
central position in the entire network (i.e., “network root”).
Betweenness centrality (BC) is another measure to capture

essential nodes based on the shortest paths. It is calculated as
the number of these shortest paths that pass through target
nodes [47]. In terms of participation networks, a specific
person with a high BC means that they played a significant
role (e.g., “network bridge”) in allowing information to
travel from one part to another in the entire network.

-e k-core decomposition is an alternative degree-based
method to conduct hierarchical structure analysis, graph
visualization, and community detection in complex net-
works [48]. -e k-core indicates the maximal subgraph in
which every node is adjacent to at least k nodes. An integer
index, ks, is assigned to each node to represent its location in
networks; the largest value is denoted as kmax (called k-core
index). Each layer that contains nodes of degree k is called
k-shell. In this sample, participants with low or high ks are
correspondingly located at the periphery or the core, also
indicating the importance of nodes in the entire network. It
should be noted that nodes with a high degree may or may
not have a high ks.

3.2.3. Echo Chamber Identification Algorithm. -is study
employs an operationalization of the components of echo
chambers proposed by Jasny,Waggle, and Fisher [36]. Given
the network formalism in Section 3.2.1 (represented in
Figure 3(a)), two characteristics of echo chambers in par-
ticipation networks are specified. An “echo” occurs when
two participants share the same opinion on the policy. -e
attribute is indicated as the shading of the nodes in
Figure 3(b). A “chamber” is formed when the information
from the same source eventually reaches the same target via
multiple different paths. For example, a transitive triad is the
smallest example of a “chamber” where messages pass from
participant A to participant C through a directed edge, but
also indirectly through participant B as B forwards the
message from A and then C forwards the message to B (see
Figure 3(c)).

-us, echo chambers can be demonstrated once the
chamber is configured around participants holding the same
opinions (see Figure 3(d)).

Considering the feature that retweets are more likely to
be passed from a few network elites to a large number of
users, this study developed a more effective identification
algorithm to find echo chambers quickly from online par-
ticipation networks.

(i) Step 1: search participants that forward information
from multiple sources, for example, find out C who
receives messages from at least two sources in
Figure 3

(ii) Step 2: select the structure where connections be-
tween any two sources exist, that is, to find out a
like-shaped transitive triad

(iii) Step 3: test the uniqueness of participants in the
structure, and then find out the transitive trail that
has three distinct participants—a “chamber”

(iv) Step 4: determine the presence of an “echo cham-
ber” by checking whether the participants in
chambers hold the same viewpoints
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4. Communication Patterns in
Transport Policy-Making

4.1. Descriptive Analysis of Network Characteristics of Par-
ticipation Networks. Descriptive analysis of the network of
GCPN and ECPN was firstly calculated with UCINET 6.665
and then visualized through its embedded drawing package
NetDraw [49]. To present the key structure in two studied
networks, Figure 4 visualizes the simplified networks where
marginal nodes with low out-degrees (i.e., have few con-
nections with other network actors) are removed. Different
node sizes are proportional to out-degrees of the nodes (i.e.,
the number of forwarded messages from each participant),
and different node shapes are used to distinguish the identity
of participants in transport policy networks, with squares
indicating organizations/companies, diamonds indicating
influential individuals, and circles indicating the general
public.

-e network of GCPN engages 157 participants who
include 49 organizations/companies and 13 influential in-
dividuals (see Figure 4(a)), while there is a total of 140
participants and a smaller proportion of verified participants
in ECPN, i.e., 24 organizations/companies and 3 influential
individuals (see Figure 4(b)). -e results show that topics
related to bike-sharing business strategies were more at-
tractive to the general public than topics related to gov-
ernment regulations. In other words, in this case, companies
can use the Weibo platform to obtain more opinions and
feedback from ordinary users from the online communi-
cation and participation process. Besides, a similar pattern
can be discovered in both networks of GCPN and ECPN in
that the entire network was sparse whereas individuals were
centralized within several groups (i.e., two major groups in
GCPN and three major groups in ECPN). In general, these
findings reveal the characteristic of more open and decen-
tralized policy participation than that of traditional top-
down policy-making [15].

-e network structure statistics were then calculated to
quantitively characterize the pattern of networks of GCPN

and ECPN (see Table 1). -e values of average degree and
network density are very close in the two studied networks,
which reach 1.02 and 4.43e− 4 in GCPN and 1.01 and
3.57e− 4 in ECPN, respectively. It reveals that both of the
network participants were weakly connected to others and
the majority shared information in a single path. -e values
of average path length in GCPN and ECPN are around 1.
Additionally, the values of network diameter are 4 in GCPN
and 5 in ECPN, and the main component fraction reaches
approximately 100% in two networks. -e result suggests
that the entire participation network on the issue of bike-
sharing pricing policies was a giant component, and the
depth of information dissemination reached around five
layers away from the initial messages. It demonstrates the
formation of virtual communities that were not limited by
geographical and time constraints, and these groups played a
significant role in citizen participation and communication
in terms of bike-sharing public and private policy-making.
Furthermore, the value of the out-degree graph centrali-
zation is 0.35 in GCPN and 0.29 in ECPN. We would
conclude that there was a tendency for the networks to
develop around certain prominent actors, which also can be
observed from the network visualization shown in Figure 4.
In other words, the power of participants varied rather
substantially, and the positional advantages were rather
unequally distributed in these two examined networks.

4.2. Uneven Power and the Different Positions of Participants.
To investigate the tendency of a substantial amount of
concentration in the network of GCPN and ECPN, two
indicators were selected to measure the power of each
participant (see Figure 5): the number of followers (denoted
by Df), which refers to the cyber power of actors on Weibo;
and the number of messages forwarded (out-degree, denoted
by Dout), which refers to the actors’ participation level.

-e result shows that the cumulative distributions
Df(see Figures 5(a) and 5(c)) and the cumulative out-degree
distributions Dout (see Figures 5(b) and 5(d)) decayed as a

A B

B forwards messages
from A, i.e., information

is transmitted from A to B.

(a)

A B

Transitive triad such that B and C
forward information from A, and C also
forwards information to B. �e smallest

example of a “chamber.”

(b)

A B

C

A and B agree so A’s information
echoes B’s understanding.

(c)

A B

C

A transitive triad where each
participant holds the same opinion

–an “echo chamber.”

(d)

Figure 3: Structural and attitudinal components of an echo chamber in participation networks.
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power-law scaling in GCPN and ECPN, suggesting the scale-
free characteristic [50]. -e pattern of Df indicates that the
cyber power of participants was uneven in terms of infor-
mation diffusion on the topics of bike-sharing pricing
policies. -e distribution of Dout suggests that the influence

of various participants was significantly different because the
messages of some actors were forwarded a greater number of
times than those of other actors. -at is, some participants
probably played key roles and influenced others as the
“networked power” (prominent participants) [51] in this

(a)

(b)

Figure 4: Simplified network mapping of (a) GCPN and (b) ECPN.
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case. Taken together, these results provide quantitative ev-
idence on the existence of the unequal power in information
sharing of transport policies among various participants in
both two studied networks.

5. Networked Power and Their Roles in
Information Dissemination

5.1. Identifying Power Actors Using Centrality Measurements.
To further identify the networked power in forwarding/
forwarded networks of GCPN and ECPN, out-degree cen-
trality and betweenness centrality were calculated. To make
the results clear, the 15-top ranked participants in out-DC
and BC lists were selected to analyze their identities and
occupational backgrounds (see Figure 6).

In Figure 6(a), organizations/companies and influential
individuals occupy the top-15 ranked positions of out-DC in

GCPN and ECPN, while a more proportion of the general
public is presented at the top-15 in BC of both networks. -is
result suggests that verified actors who have the cyber power
onWeibo participated actively and were located at the central
position (i.e., the “network root”) in policy and private policy-
making of bike-sharing. In contrast, the result of BC shows
that the majority is the general public in this bike-sharing
policy network; they played as the “network bridge.” -e
results are shown in Figure 6(b) to help to investigate the
background of these influential participants. In terms of
“network root,” both networks in GCPN and ECPN reveal a
similar trend; that is, the majority were media companies and
journalists; whereas the “network bridge” in this case were of
diverse occupational backgrounds, such as officers from
public agencies, academia excepts, and the media.

As the conclusion proposed by Berry [52], it is difficult for
views based on a social network to play an important role in

Table 1: Statistics of network characteristics.

Indicators GCPN ECPN
Average degree 1.02 1.01
Network density 4.43e− 4 3.57e− 4
Average path length 1.16 1.07
Network diameter 4.00 5.00
Main component fraction (%) 100.00 99.89
Out-degree centralization 0.35 0.29
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Figure 5: -e distribution patterns in log-log graphs: (a) the number of followers (Df ) and (b) the number of messages forwarded (out-
degree (Dout)) in GCPN, (c) the number of followers (Df), and (d) the number of messages forwarded (out-degree (Dout)) in ECPN.
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decision-making processes without effective organization and
cooperation. In the bike-sharing policy networks, it probably
could be explained that organizations/companies and influ-
ential individuals established a large number of connections
with others in the online discussion, while more diverse social
actors were involved to help the information travel further
within the virtual community. -erefore, there is a need for
transport stakeholders to investigate and understand the needs
of people who play different roles and have diverse back-
grounds in public and private policy-making.

5.2. Exploring the Hierarchical Structure via K-Core
Decomposition. -e results of k-core decomposition reveal
the hierarchical structure and the subgroups containing in-
fluential participants, as visualized in Figure 7, where nodes
located at the most peripheral layer (0-shell) are removed.-e
colors of nodes are used to distinguish the different layers of
k-shell, red indicating nodes located in 3-shell and green
indicating nodes located in 2-shell.-e k-core index of GCPN
and ECPN is 3 and 2, respectively. -ere are 15 nodes in 3-
shell and 81 nodes in 2-shell of GCPN, while there are 61
nodes in 2-shell of ECPN, which indicates that a small
number of participants (i.e., 4.11% in GCPN and 2.14% in
ECPN) were tightly connected in the networks.

As seen in Figure 7, the network of GCPN presents
higher robustness than that of ECPN.-e partition of GCPN
had a three-layer structure (see Figure 7(a)), its 2-shell was
denser with nodes tightly connected in multiple paths,
whereas the 2-shell in ECPN is relatively separated or iso-
lated (see Figure 7(b)). -e result suggests that the partic-
ipation network led by governments provided more flexible
channels for actors to receive or transfer messages than that
led by bike-sharing enterprises. Correspondingly, it could be
explained that the aggregated opinions collected from the
network of GCPNwere closer to the thoughts of themajority
on Weibo, while opinions generated from ECPN were
probably influenced by their virtual communities.

Concerning the network of GCPN (see Figure 7(b)),
there was a community that contains fifty important nodes
in the core position. As the statement proposed by Zhao
et al. [15], an important characteristic of the social society is
that a group or community with similar values can be
created and represented a collective identity. To validate the
finding in this case, the content of messages and back-
grounds related to these fifty participants were further
investigated. -ere were 3 organizations/companies and
influential individuals located at the center; the other 12
were the general public; they forwarded messages from
three actors without posting any comments. -e results
reflect the same phenomenon found in Zhao et al.’s study;
namely, the participants located in this community
probably held the same or similar opinions on public
policy-making related to bike-sharing. Another finding is
that most of the participants within this 3-shell structure do
not appear at the top-15 list of out-degree centrality and
betweenness centrality, which indicates that participants
may be of a high ks but a low out-DC or BC. It could be
explained that the core-periphery structure is another
measurement of the importance of nodes focusing on the
community level. -us, it is suggested to employ various
indicators or measurements to evaluate the structure and
characteristics of policy networks.

6. Empirical Evidence of Confirmation Bias in
Transport Policy Networks

6.1. Analysis of the Personal Viewpoints on Weibo. All the
messages in two networks of GCPN and ECPN were
reviewed and classified into three emotional opinions based
on positive, negative, and neutral attitudes. Most partici-
pants held one of three viewpoints (see Figure 8):

(i) -emajority (over the half ) forwarded the messages
showing a neutral attitude or without posting any
comments, i.e., 62.4% in GCPN and 55.0% in ECPN.
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Figure 6: Fifty-top ranked participants aggregated by (a) verification identity and (b) occupational background.
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-ey played a significant role in transmitting their
information in the communication process.

(ii) Approximately 20.3% of the participants in
GCPN expressed their pessimistic outlook on the
bike-sharing pricing regulations implemented by
governments. -ey worried that whether the

policy would be beneficial for refunding due to
the dilemma that enterprises faced serious fi-
nancial problems. At the same time, 33.7% of the
participants in ECPN were against enterprises’
increasing prices; they held that it is unreason-
able to ride bikes with paying a higher fare that is

(a)

(b)

Figure 7: -e core-periphery structure measured by K-core decomposition in (a) GCPN and (b) ECPN.
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even more expensive than that of subway or
buses.

(iii) A few of them showed their support or approval of
the issue. For example, 17.3% of participants in
GCPN appreciated the efforts paid by governments
to regulate the bike-sharing industry and thus
protect customers’ rights. In ECPN, only 11.3% of
the participants accepted the price increase of bike-
sharing enterprises.

In general, the distribution of opinions reveals an im-
portant characteristic of online public engagement: that is,
the majority will not express emotional views on public and
private decision-making for major transport issues. -e
percentage of people holding negative opinions is roughly
larger than that of positive opinions in the two examined
networks.

6.2. Examination of the Presence of Echo Chambers in
Transport Policy Networks. Results corresponding to each
step proposed in the identification algorithm are listed in
Table 2. It shows that there are five echo chambers and one
echo chamber found in GCPN and ECPN, respectively.
Generally, the result provides empirical evidence of the
existence of echo chambers in participation networks of
transport decision-making of public and private sectors.

However, the result shows that the proportion of echo
chambers within entire participation networks was quite
low, roughly at the same level in GCPN and ECPN (i.e., 3%
and 2%). It suggests a relatively low degree of the impact of
confirmation bias on online communication toward this
bike-sharing case. Another finding is that over half of the
chambers (i.e., 63%) in GCPN were satisfied with the atti-
tudinal components while very few (i.e., 14%) in ECPN. It
could be explained that due to the professional nature of
transport governance, the general public is usually limited in
participating in the discussion and expression of govern-
ment policies. -us, the participants in echo chambers of
ECPN were more likely to agree with the views of influential
actors, probably by the means of forwarding their messages
without comments on social media.

In contrast, the transport service fare is the topic more
closely to people’s daily life; the business strategy adopted by

bike-sharing enterprises attracts more debates among resi-
dents. Correspondingly, the echo chamber provided a space
needed for viewpoint exchange and free debates on the
Internet.

-e locations of echo chambers discovered in networks
of GCPN and ECPN are visualized in Figure 9. -e legend of
node colors is changed here to indicate the opinions of each
participant, which consists of the legend in Figure 8. All of
the echo chambers are distributed in 2-shells; in other words,
these participants involved in echo chambers were impor-
tant actors in the hierarchical structure of transport policy
networks as well.

As shown in the figure, there were three echo
chambers configured around neutral attitudes (labeled as
(i), (ii), and (v)), two echo chambers with negative atti-
tudes (labeled as (iii) and (iv)) in GCPN (see in
Figure 9(a)), and one echo chamber configured around
neutral attitudes in ECPN (shown in Figure 9(b), labeled
as (i)). Additionally, the mechanism of involved partici-
pants’ identities and the path that echo chambers operate
can be observed in the figure. In Figure 9(a), the echo
chamber of neutral attitudes in GCPN existed in the
information flow between organizations/companies (e.g.,
court departments) or from organizations/companies
(e.g., nationwide news media) to the general public,
whereas the echo chamber of negative opinions was
presented in the message diffusion from influential in-
dividuals (e.g., famous journalists) to the general public.
In contrast, as seen in Figure 9(b), an echo chamber with
neutral attitudes was configured around an organization/
company (e.g., nationwide news media) and two general
participants. Furthermore, there is a phenomenon that
happened in GCPN; namely, echo chambers in policy
networks of this case were overlapped among participants
in two echo chambers; see examples with labeling (i) and
(ii) in Figure 9(a).

-e above results could be explained; the networked
power with greater influence and readership on social media
was probably becoming the actors that echo/amplify others’
viewpoints and understanding of major transport issues.
Furthermore, according to this case, echo chambers were
more likely to be configured around participants with
pessimistic or neutral attitudes on bike-sharing pricing
policies.
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the policy

20.3% 

(a)

Without comments
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Accept price
increases
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Figure 8: Different opinions in (a) GCPN and (b) ECPN.
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Figure 9: Illustration of the existence of echo chambers in the structure of (a) GCPN and (b) ECPN.

Table 2: -e summary of echo chamber identification in participation networks.

Count GCPN ECPN
Step 1: multiforward participants 75.00 57.00
Step 2: like-shaped transitive triads 10.00 20.00
Step 3: chamber structure 8.00 7.00
Step 4: echo chambers 5.00 1.00
Percentage (%) GCPN ECPN
Echo chambers within networks 0.03 0.02
Echo chambers within chambers 0.63 0.14
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7. Conclusion and Discussion

-is study aims to qualitatively characterize the patterns of
two participation networks in public and private policy-
making and further empirically examines the presence of
echo chambers in terms of information dissemination.
Besides, the study provides a new network-based analytical
framework focusing on the behavioral logic in the explo-
ration and the collaborative interactions among multi-
stakeholders related to transport policies. To summarize, the
main conclusions are remarks from the findings that are
listed as follows:

(i) -e descriptive analysis results provide evidence
that multiple actors, especially the general public,
share information in GCPN and ECPN. However,
the participation networks are sparse and affected
by a small component of participants with greater
cyber influence and do not cover all crucial roles
than others in information diffusion.

(ii) -e results suggest that when characterizing the key
actors in information diffusion of both networks,
organizations/companies and influential individ-
uals (i.e., media companies, and journalists) con-
tribute more actively as the “network root” to be at
the central position, whereas the general public
coming from various occupational backgrounds are
more prominent as the “network bridge” to transfer
the information further.

(iii) -rough the k-core decomposition method, the two
studied networks exhibit the core-periphery struc-
ture as a small number of participants build a
community with similar views but different
backgrounds.

(iv) -e opinion analysis result reveals that the majority
of participants will not express emotional view-
points in transport policies. Furthermore, there is a
general tendency that people are more likely to hold
negative attitudes on social media.

(v) -e empirical results demonstrate the existence of
echo chambers in both GCPN and ECPN, although
its prevalence proportion is relatively low. Besides,
echo chambers are configured around participants
with critical opinions related to transport policies,
and they generally happened such that organiza-
tions or influential individuals echoed the views of
the general public.

-ese findings also have several managerial and policy
implications. First, this study demonstrates the potential of
using social media as a channel to investigate public par-
ticipation among multi-stakeholders on major transport
issues. Various measurements and indicators (e.g., network
centrality, core-periphery) from the network perspective can
be applied to analyze the relationship among actors. Second,
it emphasizes the possibility of confirmation bias in
transport policy networks that might be caused by the multi-
stakeholders with diverse interests and their complex in-
teractions. Policymakers and service providers should collect

a more complete sample of people’s views or consider di-
verse platforms in public engagement. -ird, once the im-
pact of confirmation bias is confirmed, it is suggested to
conduct a further exploration based on the content of
collected samples to improve the reliability of the result, such
as topic models and sentiment analysis.

As a presentative of emerging mobility services, the
service providers of bike-sharing are driven by complex
interests, including being more likely to obtain a large
number of user traffic instead of promoting travel services in
the short term, gaining a higher market share to increase
their valuation in the risk market, etc. Besides, its major
users have certain characteristics, including being younger
and willing to accept emerging techniques. -erefore, when
using social media as a platform of public participation,
bike-sharing policies may have a different/biased commu-
nication and participation process which is different from
other urban transport policies. With the emergence of more
new mobility services, the stakeholders may be more mo-
tivated and capable of intervening in transport policies. -is
is a topic that deserved continuous attention in the effective
collaborative governance of urban transport. Empirical
studies on a wider range of cases are needed to obtain a more
profound understanding.

Despite its contributions and practical implications, this
study still has several limitations. Its analysis is restricted to a
specific participation network for bike-sharing price strat-
egies, which may limit the generalizability of the empirical
results to urban transport, other policy, and cultural contexts
(e.g., different affecting or affected interest groups, the de-
gree of willingness to express opinions through Internet, and
participation channels available to the public). Further
cross-disciplinary and cross-cultural research studies could
be conducted to validate or expand the findings presented
here. Furthermore, limited by the focus of revealing the key
pattern of participation networks, this study only analyzes
the forwarding/forwarded relationship represented by the
single-directed, unweighted network. Further studies could
include complete interaction relationships and features
among participants included in the analysis.
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