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How to improve the safety behaviors of construction workers has dogged the realm of construction project management. Previous
studies mainly focused on the individual and/or organizational factors shaping safety behaviors, while there is a dearth of research
focusing on the effect of individual-organizational nexus (i.e., the network embeddedness of individuals within the organization).
Thus, this study employs social network analysis (SNA) and multivariable regression analyses to explore the relationship between
the characteristics of social networks of construction workers (i.e., degree, closeness, and betweenness centralities) and their safety
behaviors (i.e., safety participation and safety compliance), considering the mediating role of safety communication. The primary
data were collected from ten Chinese construction projects. The results include the following three aspects. First, degree centrality,
closeness centrality, and betweenness centrality all exert significant positive effects on safety participation. Closeness centrality
yields a positive effect on safety compliance in formal networks. Degree centrality has a positive effect on both safety compliance
and safety participation, whereas the other two centrality characteristics exhibit no significant effect in informal networks. Second,
in formal networks, safety communication plays a partial mediation role between closeness centrality and safety compliance and a
full mediation role between degree and closeness centralities and safety participation. Third, in informal networks, safety
communication plays a full mediation role between degree centrality and safety compliance and a partial mediation role between
degree centrality and safety participation. This study provides new insights for construction project management in achieving
improved safety performance via shaping the social network characteristics.

1. Introduction

In recent years, the numbers of construction safety accidents
and casualties have remained relatively high and impede
sustainable project delivery [1, 2], especially in developing
countries such as China that is experiencing unprecedented
levels of urbanization [3]. In this regard, the factors that are
responsible for the unsafe behaviors of construction workers
attract increasing attention. Currently, studies on the factors
shaping the safety behavior of construction workers mainly
concentrate on two aspects. Some focus on the effect of

individual factors, such as individual physical characteris-
tics, attitude, and psychological motivation [4-7]. Others
focus on the effect of organizational factors, such as safety
management, safety climate, and safety culture [8-10].
However, there is a dearth of research focusing on the effect
of individual-organizational nexus (ie., the network
embeddedness of individuals within the organization). So-
cial network analysis (SNA) is defined as the analysis of
structural characteristics of a relationship network of in-
dividuals, which considers the relationship of the organi-
zational structure and individual characteristics [11]. As
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such, SNA establishes a bridge exploring the effect of in-
dividual-organizational nexus.

Furthermore, construction is a complex process with
multifarious production links, integrated participation of
professional teams, and unstable construction sites [12]. The
relationship between people forms social networks. A
construction professional team can be seen as a social
network, in which workers cooperate and communicate with
each other in daily work and life. The people who are
embedded in this network are shaped by the structural
characteristics of social networks [13]. In other words, the
relationship among people can influence their behavioral
decision-makings [14, 15].

In recent years, the influence of the relationship on
behavior and performance has attracted increasing research
interests. In the field of construction safety behaviors, SNA
has been adopted to explore the relationship between unsafe
behaviors of construction workers and the propagation path
between unsafe behaviors [16]. However, there are few
studies on the impact of social networks on construction
workers’ safety behaviors, and no in-depth study has been
conducted on which SNA characteristics can effectively
improve workers’ safety behaviors. It is notable that indi-
vidual ideology is affected by others, while construction
workers present an obvious group phenomenon, and in-
dividual behavior consciousness will be affected by the
surrounding environment of social groups [17]. Therefore,
the social network characteristics of construction workers
are potentially important factors shaping individual safety
behaviors. This study focuses on the relationship between
centrality characteristics of social networks of construction
workers (i.e., degree, closeness, and betweenness centrali-
ties) and workers’ safety behaviors (i.e., safety participation
and safety compliance). The results are expected to shed new
light on the improvement mechanism of the safety behaviors
of construction workers and provide targeted guidance for
improving the team design of construction workers as well
as the safety performance of projects.

2. Literature Review and Hypothesis

2.1. Safety Behavior. Safety behavior refers to the conduct
that workers must strictly adopt during construction activities
to comply with existing regulations [18]. The accident cau-
sation theory identifies unsafe human behaviors as the most
important factor in the occurrence of accidents. Behavior
analysis methods have been extensively applied in the studies
of workplace safety performance, such as the behavior-based
safety approach, which has stimulated interest in individual
safety behaviors [19]. Safety behavior is not a one-dimensional
concept; according to Marchand et al. [20], workers’ safety
behavior can be divided into two dimensions, including
caution and initiative. Specifically, the former focuses on
workers” compliance with safety rules or systems, whereas the
latter focuses on workers’ efforts to improve the level of safety
and environment. On this basis, Neal et al. [21] introduced the
concept of workers’ safety behaviors from the perspective of
performance and divided workers’ safety behaviors into safety
compliance and safety participation. Safety compliance
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mainly refers to workers’ compliance with safety regulations
or work safely, whereas safety participation mainly includes
the actions taken by workers to help their colleagues and
improve the environmental safety of the workplace. Fur-
thermore, Hofmann et al. [22] analyzed active safety be-
haviors and introduced the concept of safety citizenship
behaviors (including help, disclosure, and civic virtues).

The two-dimensional division of safety behaviors pro-
posed by Neal et al. [21] has been widely applied in safety
research [7, 23, 24]; therefore, this study divided the con-
struction workers’ safety behavior into safety compliance
and safety participation. Safety compliance refers to the
compliance of construction workers with laws, safety reg-
ulations, and safety instructions concerning construction
safety; and safety participation refers to the help and sug-
gestions provided by construction workers during the
construction process as well as their efforts to improve safety
levels on the construction site.

2.2. Social Network. The social network is the social relations
between a specific group. Scott [25] defined social networks as
relatively stable systems of social relationships among certain
individuals. Social networks reflect the interaction among
members within an organization. According to Zenger et al.
[26], organizations can be divided into formal and informal
ones. Therefore, the social networks, formed by the inter-
action among members within an organization, can be di-
vided into formal network and informal network, accordingly
[25, 27]. The formal network represents involuntary rela-
tionships that must be maintained to perform interdependent
work within the organization (i.e., working network); and the
informal network represents voluntary relationships that are
formed independently in daily life, without the need to
comply with any working rules (i.e., living network) [28].
Formal and informal networks coexist in organizations and
play different roles with respect to workplace behaviors.
Construction activities are featured by a relatively high level of
autonomy. It is, therefore, important to identify both informal
and formal networks to understand the key factors shaping
the safety behaviors of construction workers.

The influence of network characteristics on individual
behaviors has raised great concern within a wide range of
fields. By investigating the social networks of ethnic minority
workers, Lyu et al. [29] revealed that the network density and
level of reciprocity are important factors distinguishing high
and low safety performing crews. Similarly, Zamani et al. [30]
figured out the pivotal role of social networks between the
safety climate and safety outcomes among excavator crew
members in construction projects. Moreover, through the lens
of SNA, Abbasianjahromi and Etemadi [31] indicated that
there is usually a key worker who affects others because of his
status within the construction professional team. Construc-
tion projects are labor-intensive. Construction workers form
social networks during the construction process. However,
few studies reveal how different structural characteristics of
construction workers’ social networks shape their safety be-
havior. It is, therefore, imperative to investigate the influ-
encing mechanisms of structure characteristics of social
networks on the safety behaviors of construction workers.
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2.3. Safety Communication. Ineffective communication
concerning construction safety issues has been identified as
one of the important factors in safety-related accidents, as
well as the main challenge for practitioners in the con-
struction industry [32]. Alsamadani et al. [33] indicated that
the number of safety accidents on construction sites can be
effectively reduced by improving the communication effi-
ciency and communication modes among construction
workers, such as public discussions, immediate feedback and
correction, and the implementation of experience and lesson
plans. With the mobility of safety information as the re-
search object, a safety communication network among
construction workers can be established and analyzed.
Alsamadani et al. [34] revealed that an open communication
mode and frequent communication among workers can
significantly improve the project safety performance and
that the communication modes can include any of multiple
forms such as a morning meeting before work, specialized
safety meetings, and safety training. In this study, safety
communication is defined as the exchange and sharing of
safety information among construction workers, and the
communication modes include sharing of formal written
documents, safety meetings, safety training, and face-to-face
and oral communications.

2.4. Node Centrality. The analysis of the node centrality of a
social network involves a qualitative evaluation of the power
held by various subjects in the network. By occupying
different positions in the network structure, subjects will
have different abilities to control information and resources,
and thus have different effects on self-performance [35]. In
social network analysis, there are three main indicators
regarding node centrality: degree centrality, closeness cen-
trality, and betweenness centrality. The degree centrality of a
directed graph refers to the number of points in direct
contact with a node, which can be divided into in-degree and
out-degree, from which the relative degree of node centrality
can be calculated. In-degree refers to the degree of the effect
exerted by other nodes on the nodes in the network, and out-
degree refers to the degree of the effect exerted by these
nodes on other nodes in the network. The relative degree
centrality is the ratio between the degree of all the points and
their maximum possible degree in the graph. As with the
standardized degree centrality, the relative degree centrality
can be used in comparative analyses of the structural
characteristics of nodes among networks of different scales.
The node centrality can be processed by the UCINET
program. Different centrality characteristics are assessed by
different calculation formulas. The degree centrality for-
mulas are shown as follows [31]:

C AD, = in-degree + out-degree, (1)
Cap,

Cpp. = —5, (2)
RD: ™ on -2

in which C,py refers to the absolute degree centrality of point
i, and Cyp, refers to the relative degree centrality of point i.

The closeness centrality of a node refers to the sum of the
geodesic distances between the node and all other nodes in
the network, which reflects its proximity to other nodes. The
smaller is the closeness centrality, the closer is the rela-
tionship with other nodes and the less dependent it is on
others to convey and share information. Closeness centrality
differs from degree centrality in its consideration of indirect
relationships. The formulas for calculating closeness cen-
trality are shown as follows [31]:

=2 dy, (3)
j=1
C—l
Cl = AR (4)
RP; n—1

in which d;; refers to the geodesics distance between node i
and node j, that is, the line number included in the geodesics,
Cj\}, refers to the absolute closeness centrality of node 7, and

Ci%, refers to the relative closeness centrality of node i.
The betweenness centrality of a node refers to the ratio
between the total number of geodesics passing the node and
connecting two points and the total number of geodesics
among these two points, which reflects the extent to which
the nodes control the interaction of others, that is, the
betweenness. The bigger is the betweenness centrality, the
greater is the betweenness. The formulas for calculating the
betweenness centrality are shown as follows [31]:
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(5)
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in which C,p refers to the absolute betweenness centrality of
the node, CRB refers to the relative betweenness centrality of
the node, b, (i) refers to the ability of node I to control the
interaction of points jk, g refers to the number of geodesics
between points jk, and g; (i) refers to the number of
geodesics passing node i between points jk.

2.5. Hypotheses

2.5.1. Effect of Social Network Centrality on Safety Behavior.
Scholars have conducted a wide-ranging research on the
effect of the centrality of social network nodes on employee
job performance, but no consensus has been reached re-
garding its positive or negative effect [36]. In particular,
there has been no effective analysis of the effect of node
centrality on the safety behavior of construction workers.
This paper presents the following research hypothesis based
on existing research and current engineering practices in
China.

H1: degree centrality has a positive effect on the safety
behavior of construction workers



Degree centrality is determined by the number of points
in direct contact with the nodes in a network [37], and thus
reflects the dominant positions of these nodes. The higher is
the degree centrality, the greater is the advantage a node has
in the possession and control of information, and thus its
promotion of improvements in individual performance. In
the construction industry, networks formed by individuals
include both formal networks based on work relationships
and informal networks based on interpersonal relationships.
The degree centrality of individuals in formal and informal
networks reflects their relative dominance in a group. The
higher is the degree centrality, the more knowledge and
information are grasped, thus providing conditions neces-
sary for abiding by safety regulations and participating in
safety activities. In contrast, the smaller is the degree cen-
trality, the more isolated is the individual and the smaller are
the possible effects exerted on and by others, which works
against improvements in safety compliance and safety
participation. Therefore, sub-hypotheses Hla-H1d are as
follows.

Hla: the degree centrality of a formal network has a
positive effect on the safety compliance of construction
workers

H1b: the degree centrality of an informal network has a
positive effect on the safety compliance of construction
workers

Hlc: the degree centrality of a formal network has a
positive effect on the safety participation of construc-
tion workers

H1d: the degree centrality of an informal network has a
positive effect on the safety participation of construc-
tion workers

H2: closeness centrality has a negative effect on the
safety behavior of construction workers

The difference between closeness centrality and degree
centrality lies in their consideration of the indirect rela-
tionship among nodes, that is, their closeness to other nodes
within the scope of the overall network. The smaller is the
closeness centrality, the closer is the node to other nodes, the
more central position it has, and the smaller is the possibility
that it depends on others for information transfer [38]. In
construction activities, the closeness centrality of an indi-
vidual also reflects his/her closeness to other individuals. The
smaller is the closeness centrality of a node in a formal or
informal network, the more autonomy it has with respect to
safety knowledge, information sharing, and transfer, and the
more beneficial is its promotion of activities that comply
with safety regulations and the help it offers others to im-
prove safety behavior. Therefore, sub-hypotheses H2a-H2d
are as follows:

H2a: the closeness centrality of a formal network has a
negative effect on the safety compliance of construction
workers

H2b: the closeness centrality of an informal network
has a negative effect on the safety compliance of
construction workers

Complexity

H2c: the closeness centrality of a formal network has a
negative effect on the safety participation of con-
struction workers

H2d: the closeness centrality of an informal network
has a negative effect on the safety participation of
construction workers

H3: betweenness centrality has a positive effect on the
safety behavior of construction workers

Betweenness centrality mainly considers the interme-
diary function of the individual in a network, that is, the
extent to which information resources or contact with others
can be controlled. The greater is the node centrality, the
greater is the intermediary function. In construction ac-
tivities, the greater is the betweenness centrality of an in-
dividual in a formal or informal network, the greater is the
number of structural holes to which it has access and the
greater the power of control it has in the transfer and sharing
of safety knowledge or information. As such, betweenness
centrality can promote improvement in the levels of safety
compliance and safety participation [39]. Therefore, sub-
hypotheses H3a-H3d are as follows:

H3a: the betweenness centrality of a formal network
has a positive effect on the safety compliance of con-
struction workers

H3b: the betweenness centrality of an informal network
has a positive effect on the safety compliance of con-
struction workers

H3c: the betweenness centrality of a formal network has
a positive effect on the safety participation of con-
struction workers

H3d: the betweenness centrality of an informal network
has a positive effect on the safety participation of
construction workers

2.5.2. Effect of Social Network Centrality on Safety
Communication. The social network is a vehicle for the
communication of safety information. And the structural
characteristics of the social networks where construction
workers are embedded in play an important role in shaping
the effectiveness of safety communication [34]. Therefore,
based on an integration of existing research and current
engineering practices in China, the following research hy-
pothesis is proposed:

H4: degree centrality has a positive effect on safety
communication among construction workers

As described above, degree centrality reflects the core
position of individuals in a network and the extent of their
contact with other individuals. An increase in the degree
centrality of construction workers implies a greater core
position in the network and a greater grasp of safety in-
formation and knowledge. Thus, degree centrality will have a
relatively significant effect on information network com-
munication and serve to improve the communication level
[35]. In construction activities, whether employees are in a
formal or informal network, improvement in their degree
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centrality plays an active role in safety communication.
Therefore, the following sub-hypotheses H4a and H4b are
proposed:

H4a: the degree centrality of a formal network has a
positive effect on safety communication

H4b: the degree centrality of an informal network has a
positive effect on safety communication

H5: closeness centrality has a negative effect on safety
communication among construction workers

Unlike degree centrality, closeness centrality reflects the
extent of dependence of an individual on others in terms of
information and behavior. The greater is the closeness
centrality, the greater is the dependence on others, that is,
the greater is the difficulty of obtaining relevant information
based on the advantages of their own position. In addition,
since there are not many individuals with which the indi-
vidual is in direct contact, there is a certain restriction on the
information disseminated by that individual [38]. In con-
struction activities, the greater is the closeness centrality, the
less effective is the communication of safety information.
Therefore, the following sub-hypotheses H5a and H5b are
proposed:

Hb5a: the closeness centrality of a formal network has a
negative effect on safety communication

H5b: the closeness centrality of an informal network
has a negative effect on safety communication

Hé6: betweenness centrality has a positive effect on
safety communication among construction workers

Betweenness centrality reflects the number of structural
holes to which the individual has access, that is, the capa-
bility of having and controlling information. Some re-
searchers have reported that the more access an individual
has to structural holes, the greater is his/her effect on in-
formation dissemination in the network [39]. In construc-
tion activities, the greater is an individual’s betweenness
centrality, the greater is his/her effect on the efficient
communication of safety information, thereby yielding a
certain active effect on safety communication. Therefore, the
following hypotheses H6a and H6b are proposed:

Hé6a: the betweenness centrality of a formal network
has a positive effect on the safety compliance of con-
struction workers

Heéb: the betweenness centrality of an informal network
has a positive effect on the safety compliance of con-
struction workers

2.5.3. Effect of Safety Communication on Safety Behaviors of
Construction Workers

H?7: safety communication has a positive effect on the
safety behaviors of construction workers

The effect of safety communication on the level of safety
behavior exhibited by construction workers has been rec-
ognized by most scholars. Kaskutas et al. [40] noted that an

increase in the frequency of safety training and safety
communication launched by construction supervisors can
significantly reduce the occurrence of unsafe behaviors of
construction workers and improve their safety awareness
and initiative. Compared with the communication between
supervisors and construction workers, mutual support and
communication among workers can be more effective in
improving the level of safety behaviors exhibited by con-
struction workers [41]. Safety communication among
construction workers can enable construction workers to
become aware of problems promptly, strengthen their
awareness of the safety goals of the project team, especially
for safety behaviors, and to act to realize the safety goals of
the team. Therefore, the following hypotheses H7a and H7b
are proposed:

H7a: safety communication has a positive effect on the
safety compliance of construction workers

H7b: safety communication has a positive effect on the
safety participation of construction workers

2.5.4. Mediation of Safety Communication between Social
Network Centrality and the Safety Behavior of Construction
Workers. In construction activities, a necessary component
of safety communication is the social network established
among construction workers. The social network is the
carrier and vehicle for the communication of safety infor-
mation, and the social network established among con-
struction workers through their formal work and social
relations can improve the level of safety behavior they ex-
hibit through the communication of safety information.
Therefore, based on the above research hypotheses, we
hypothesize that safety communication plays a certain
mediation role between the centralities of the formal and
informal social networks of construction workers and the
safety behavior of construction workers. Therefore, the
following hypotheses H8 and H9 are proposed:

H8: safety communication plays a mediation role be-
tween formal network centrality and the safety be-
havior of construction workers

H9: safety communication plays a mediation role be-
tween informal network centrality and the safety be-
havior of construction workers

Based on the above research hypotheses, Figure 1 shows
an overall conceptual model regarding network centralities,
safety communication, and safety behavior.

3. Data and Methods

3.1. Questionnaire Design. To acquire the data needed for
empirical analysis, a questionnaire was designed incorpo-
rating the above research variables, including construction
workers’ social networks, safety communication, and
workers’ safety behaviors. The questionnaire consists of
three parts. The first part addresses basic information about
the construction project being investigated, including the
project name, city, and project type. The second part
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FiGure 1: Conceptual model.

contains the main content of the survey of research variables,
including measurement of the construction workers’ social
network, safety communication, and safety behaviors. The
third part of the questionnaire asked for personal infor-
mation from the informant, including gender, age, number
of working years, work type, and department.

In the current study, a construction professional team is
considered as the unit of network analysis, involving both
formal and informal social networks. A construction worker
refers to an individual node in the network. By referring to
Troster et al. [42] and Reagans et al. [43], we design the
questionnaire for holistic network mapping. The social
network measurement items are demonstrated in Table 1.
The labels (ie., A, B, C, and D) represent the members’
identities of a construction professional team. Formal and
informal social networks are measured based on social re-
lationships at work and off the job, respectively.

The measurement of safety communication and safety
behaviors adopts a five-point Likert scale, from 1 (strongly
disagree) to 5 (strongly agree). Safety communication refers
to the communication and exchange of safety knowledge,
safety experience, and other safety-related information
among construction workers via formal and/or informal
ways. Safety behaviors refer to all conducts of construction
workers during the construction process that complies with
the safety rule. According to Neal et al. [21], safety behaviors
can be divided into safety compliance behavior and safety
participation behavior. The detailed measurement items of
the questionnaire and their sources are shown in Table 2.

3.2. Data Collection and Descriptive Statistics. A suitable
sampling method is crucial for ensuring the validity of the
collected data in a questionnaire survey. To better capture
different types of construction projects within different
regions, this paper adopts a probability sampling framework
using the stratified technique. More specifically, this study
divided samples into different subgroups according to
project locations and types and then selected representative
cases from each subgroup. The primary data were collected
from ten projects under construction across different
provinces and municipalities of China (e.g., Shandong,
Gansu, Shanxi, Tianjin, and Shanghai). The project types
involve railway, road, and housing. Thus, the questionnaire

survey covers a wide range of project locations and types,
indicating good representativeness. This study selects one
construction professional team from each project. Due to the
uniqueness of each project, the number of members of each
construction professional team is different. Finally, 194 valid
questionnaires were completed and returned in total. Table 3
presents the characteristics of the surveyed respondents, and
Table 4 presents the distribution of the surveyed projects.

3.3. Calculation Method. Multivariable analysis can be
generally divided into correlation and regression analyses.
Correlation analysis is used to determine the closeness of
relations among variables, with the correlation coefficient
being the measurement tool. Regression analysis emphasizes
the analysis of the effect of certain variables (independent
variables) on specific variables, with the regression coefhi-
cient as the measurement tool and correlation analysis
serving as the basis for the regression analysis. In this study,
the correlation among various variables was determined,
followed by an analysis of the effect of the relations between
the analysis variables.

Using the acquired data, the centralities of the individual
nodes of construction workers were calculated using Ucinet
6.0 software, and a social network model was established for
each construction project. Using formulas (1)-(6), the
centralities of the formal and informal networks were cal-
culated, including their relative degree centralities Cj, rel-
ative closeness centralities C,, and relative betweenness
centralities Cp.

The safety behavior of construction workers as indicated
by Sc for safety compliance and Sp for safety participation,
and safety communication is indicated by SC, which rep-
resents the average value of various items. The control
variables mainly include gender, age, academic background,
and working years.

4. Results and Discussion

4.1. Correlation Analysis. Given the different nature of
variables, the methods used to calculate their correlation
coefficients were different. The Pearson simple correlation
coefficient was used for continuous variables, the Spearman
rank correlation coefficient was used for classified variables,
and the Kendall ¢ correlation coefficient was used for
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TaBLE 1: The social network measurement items of construction workers.

Network type

Worker label
A B C D E F G

Measurement item

Formal network

In daily work, who do you often discuss with?

In case of safety risks, who can help you solve the problem first in your mind?

At work, who do you often turn to for advice?

Informal network

Who do you want to have dinner with most after work?
Who do you often talk with after work?
In daily life, who do you most want to turn to when you have a problem?

TABLE 2: Measurement items of safety communication and safety behavior.

Variable Items Sources
SC1: team members are willing to share safety
information, knowledge, and safety experience
SC2: the communication between the team members is
smooth
Safety SC3: active dlscuss101r1nzilsl;1ef:;y Issues among team Peng et al. [44], Downs et al. [45], Alsamadani et al. [34],
I . L. . igul L. [4
communication SC4: team members actively participate in safety and Cigularov et al. [46]
training

SC5: team members can communicate orally daily
SC6: there are weekly safety meetings between team
members

Safety compliance
behavior

SCBI: at work, I abide by safety regulations and
operating procedures
SCB2: at work, I use safety helmets, safety belts, and
other labor protection supplies according to regulations
SCB3: I make necessary checks on the safety equipment
or tools I use Christian et al. [47], DeArmond et al. [48], Neal and
SCB4: I can actively cooperate with the command and Griffin [49], and Vinodkumar and Bhasi [23]
arrangement of safety management personnel
SCB5: I also comply with the safety regulations due to
the tight construction schedule and other pressures
SCB6: I do my work only when I am sure that the work
environment is in a highly secure state

Safety participation
behavior

SPBI1: I actively participate in safety meetings
SPB 2: T actively participate in safety education and
training
SPB 3: I volunteered to participate in the emergency
rescue drill
SPB 4: I take part in activities or tasks to improve safety
in the workplace
SPB 5: I am involved in the formulation of the
organization’s safety objectives, safety plans, and other
work
SPB 6: I participated in project safety risk assessment
and other work
SPB 7: I help my colleagues when they are in a
dangerous or unfavorable situation
SPB 8: I take the initiative to stop and correct colleagues’
unsafe actions or ideas
SPB 9: I will demonstrate the correct operation to my
colleagues
SPB 10: I exhorted my colleagues to conduct their work
in a safe manner

Christian et al. [47], DeArmond et al. [48], Neal and
Griffin [49], Vinodkumar and Bhasi [23], and Fugas et al.
[50]

continuous and classified variables. Table 5 shows the results ~ network nodes in formal and informal networks have a
of descriptive and correlation analyses. significant positive correlation with safety compliance and

From the correlation analyses of the variables in Table 5, safety participation. This indicates that node centrality and
it can be seen that the centralities of individual social  the safety behavior of construction workers are highly



TaBLE 3: Descriptive statistics of surveyed respondents (N=194).

Variable Classification Number (%)
Male 179 92.27

Gender Female 15 7.73
18-30 years old 53 27.32

Ace 31-40 years old 73 37.63
8 41-50 years old 55 2835
Above 51 years old 13 6.70

Primary school 12 6.19

Junior high school 87 44.85
Academic Technical secondary 2 1134

background school

& Senior high school 48 24.74
Junior college 18 9.28

Undergraduate and above 7 3.61

5 years and below 53 27.32

6-10 years 83 42.78

Working years 11-15 years 41 21.13
16-20 years 16 8.25

21 years and above 1 0.52

Woodworker 24 12.37

Reinforcing ironworker 64 32.99

Plumber 56 28.86

Work type Scaffolder 18 9.28
Measurer 12 6.19

Others 20 10.31

Note: the digits in brackets () indicate the classification codes of the
variables.

correlated, which means further causality analysis is
required.

4.2. Regression Analysis and Discussion

4.2.1. Effect of Network Centralities on Safety Behavior.
The correlation analysis shows a significant correlation
between the centralities and safety behaviors of individual
social network nodes, but it does not indicate that the
network centrality has a direct effect on safety behavior.
Therefore, an ordinary least squares (OLS) regression model
was applied to perform a multivariable regression analysis,
the results of which are shown in Table 6.

In Table 6, after controlling for variables such as gender,
age, academic background, and working years, it can be seen
that the effect of node centrality on individual safety be-
havior differs in formal and informal networks. According to
the above hypothesis, an explanation and analysis of the
effects among various variables are provided.

(1) Effect of Degree Centrality on Safety Behavior. As shown
in Table 6, the degree centrality of a formal network has only
a positive effect on the safety participation of construction
workers (r=0.027*), whereas that of an informal network
has a positive effect on safety compliance (r=0.042**) and
safety participation (r=0.051"*). This may be attributed to
the fact that construction workers with high degree cen-
trality have more recessive safety knowledge and informa-
tion [51], a more profound understanding of the harmful
consequences of noncompliance with safety behavior, and
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TaBLE 4: Project distributions of surveyed respondents (N=194).

No, Project Project location Number of Percentage
type respondents
1 Railway Gargﬁ}n\feﬁ 25 12.89
2 Road Shang(})lrilf; Fast 24 12.37
; City Shandong, East 23 11.85
complex China
4 Housing T"““@ﬁ’hﬂ"“h 22 134
5  Railway Shangﬁf;EaSt 20 1031
6  Housing T‘*‘“@E’irﬁ‘“m 20 1031
7 Houing g RECRE 18 ”28
Inner Mongolia,
8 Road North China te 52
10 Housing Tlanjclﬁ}riorth 12 618

strengthen their compliance behavior accordingly rather
than passively intensifying safety compliance by following
orders, which is characteristic of a formal network system.
Recent research has shown that the social network centrality
of individuals shapes their spontaneous altruistic behavior
[52]. In this study, concerning safety participation, con-
struction workers with a high degree centrality have more
opportunities and conditions in which to unite other per-
sonnel to improve safety participation. Therefore, whether in
a formal or informal network, degree centrality plays a
relatively positive promoting role. Therefore, hypothesis H1
is partially supported.

(2) Effect of closeness centrality on safety behavior. The re-
gression result shows that the closeness centrality of a
formal network has positive effects on safety compliance
(r=0.070"") and safety participation (r =0.047"), whereas
the closeness centrality of an informal network shows no
significant effect on either safety compliance or safety
participation. Closeness centrality reflects the intensity
with which an individual depends on other individuals
[53], and its function in formal and informal networks
differs. In formal networks, the more an individual de-
pends on others, the lower is that individual’s power,
which indicates that instruction or information provided
by others is required for that individual to engage in
safety activities. Therefore, the greater is the closeness
centrality value, the more an individual needs to follow
the instructions of others and the better is their safety
compliance and the effect others have regarding safety
participation activities. In informal networks, the
closeness centrality of individuals plays no significant
role, which means that individual dependence in the
construction process will exert no significant effect on
safety behavior. Therefore, hypothesis H2 is not
supported.
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TABLE 6: Regression analysis results of the effect of network centralities on safety behavior.
. Formal network Informal network
Variable
SC SP SC SP

Regression intercept —-0.743 (0.999) -0.937 (1.084) 3.343 1.901 (0.990)
Cy 0.109 (0.012) 0.249 (0.013)* 0.447 (0.013)** 0.490 (0.014)***
G 0.497 (0.019)*** 0.299 (0.020)* —0.016 (0.017) —0.002 (0.018)
Gy -0.091 (0.074) 0.063 (0.080) —0.084 (0.080) -0.058 (0.086)
Gender ~0.208 (0.198)** ~0.095 (0.215) ~0.223 (0.218)** ~0.110 (0.235)
Age 0.012 (0.062) 0.087 (0.067) —0.003 (0.067) 0.087 (0.073)

Academic background

Working years
Adjustment R
F value

0.097 (0.043)
0.013 (0.059)
0.322
14.091

0.122 (0.046)*
0.126 (0.064)"
0.362
16.671

0.072 (0.046)
0.010 (0.066)
0.182
7.145

0.087 (0.050)
0.100 (0.071)
0.242
9.794

Note: digits in the table are regression coeflicients and those in brackets are standard deviations. *** p <0.001; **p <0.01; *p <0.05.

(3) Effect of betweenness centrality on safety behavior. The
regression results show that the betweenness centrality of a
formal network only has a significant positive effect on the
safety participation of construction workers (r=0.068"%),
whereas the effect among other variables is insignificant.
This is attributed to the fact that the betweenness centrality
reflects the number of structural holes to which individuals
have access, that is, its intermediary function is rather
limited. Freeman [54] noted that “individuals in this posi-
tion can influence groups by controlling or misinterpreting
information.” In formal networks, many safety participation
activities must be implemented by individuals holding in-
between positions. Therefore, workers with a high be-
tweenness centrality exhibit better safety participation,
whereas they do not necessarily exhibit safety compliance.
Betweenness centrality in an informal network cannot ef-
fectively reflect certain functions, which may be attributed to
the fact that construction workers who participated in the
survey had no intention of improving their actual safety
behavior. Therefore, hypothesis H3 is partially supported.

(4) Effect of the control variables. As shown in Table 6, the
gender control variable shows a significant effect on safety
compliance. Compared to that of women, the safety
compliance of men is relatively better, and this may be
attributed to the fact that men have more diversified
knowledge and experience in construction activities and
some women are temporary construction workers who
have relatively limited awareness of safety compliance. The
age variable showed no significant effect, whereas academic
background and working years both had a significant
positive effect on safety participation, which is attributed to
the fact that construction workers with higher academic
credentials and more working years are more inclined to
help others and be aware of the need to ensure the safety of
the whole project.

4.2.2.  Influence of Network Centrality on Safety
Communication. An OLS regression model was utilized to
perform a multivariate regression analysis of the influence of
safety communication, with a focus on the centrality
characteristics of formal and informal networks, the results
of which are shown in Table 7.

TaBLE 7: Regression results of the effect of network centralities on
safety communication.

Variable Formal network  Informal network
Regression intercept —0.937 (1.084) 1.901 (0.990)
Cy 0.249 (0.013)* 0.490 (0.014)***
C, 0.299 (0.019)* ~0.002 (0.018)
Cy 0.063 (0.080) 0.058 (0.086)
Gender ~0.095 (0.215) ~0.110 (0.235)
Age 0.087 (0.067) 0.087 (0.073)

Academic background

Working years

0.122 (0.046)*
0.126 (0.064)

0.087 (0.050)
0.100 (0.071)

Adjustment R? 0.362 0.242
F value 16.671 9.794
Note: digits in the table are the standardized regression coefficients and

those in brackets are standard deviations. ***p<0.001; **p<0.01;
*p<0.05.

In Table 7, after controlling for variables such as gender,
age, academic background, and working years, the influence
of node centrality in formal and informal networks was
found to differ for the safety communication of construction
workers. Regarding the above hypothesis, the influence of
various variables is explained and analyzed.

(1) Influence of degree centrality on safety communication. As
shown in Table 7, the degree centralities of formal and
informal networks have a significant positive effect on safety
communication (r=0.249%) and (r=0.490%), respectively,
which is consistent with the conclusions of previous re-
searchers. This also indicates that the greater are the con-
nections made with others in a construction workers’
network, the more the dissemination of safety information
and the implementation of safety communication is
promoted.

(2) Influence of closeness centrality on safety communication.
The results in Table 7 show that the closeness centrality of a
formal network has a significant influence on safety com-
munication (r=0.299%), whereas that of an informal net-
work shows no such influence. In addition, the closeness
centrality of a formal network has a positive influence on
safety communication, which is exactly opposite to that
hypothesized in this article. This may be attributed to the
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relatively high individual closeness centrality in downstream
of power in a formal network. In a formal communication
mode, safety information communication can be more ef-
fectively realized, and the implementation of safety com-
munication will not be hindered by an excessive dependence
on others. In an informal network, there is no significant
effect of closeness centrality on safety communication due to
the absence of any compulsory requirement or
arrangements.

(3) Influence of betweenness centrality on safety communi-
cation. The results in Table 7 show that the betweenness
centralities of formal and informal networks exert no sig-
nificant influence on safety communication, which may be
attributed to the fact that excessive individual betweenness
centrality in an organization may lead to the interruption of
communication channels in an organization. Despite the
many structural holes to which individuals have access, they
may not facilitate the dissemination of safety information to
others. This also proves that access to an excessive number of
structural holes will result in a certain inhibition of infor-
mation dissemination [55].

4.2.3. Influence of Safety Communication on Safety Behavior.
An OLS regression model was also utilized to perform a
multivariate regression analysis of the influence of safety
communication on safety behavior, the results of which are
shown in Table 8.

In Table 8, it can be seen that safety communication has a
significant influence on both the safety compliance and
safety participation of construction workers (r=0.684***)
and (r=0.875""*), respectively, which is consistent with the
research findings of most scholars. This shows that in the
construction process, the communication and sharing of
safety information among construction workers can pro-
mote their compliance with safety regulations and partici-
pation in activities that improve the level of project safety.

4.2.4. Mediation of Safety Communication. To further ex-
plore the influence of safety communication on the safety
behavior of construction workers in terms of network
centrality, the gradual addition method was used to analyze
the mediation effect of safety communication between
network centrality and the safety behavior of construction
workers [56]. By comparing the changes in the coefficients
and model fittings of the relationship of social network
centrality with the safety behavior of construction workers
before and after safety communication, the mediation effect
of safety communication could be determined. The results
are shown in Table 9.

A comparison of the results in Tables 6 and 9 shows that
after the safety communication variable is considered, the
path coefficient between social network centrality and safety
behavior with a significant influence relationship and the
adjusted R* values are both significantly changed. An ex-
planation is provided below regarding the influence of
formal and informal networks on safety behavior.

11

TaBLE 8: Regression results regarding the influence of safety
communication on safety behavior.

Variable Sc Sp
2.374 (1.084) 0.473 (0.229)*

Regression intercept

SC 0.684 (0.048)***  0.875 (0.035)***
Gender ~0.148 (0.173)**  —0.083 (0.121)*
Age —0.068 (0.053) ~0.025 (0.037)

0.008 (0.037)
—0.039 (0.052)*
0.485 0.798
37.406 153.34
Note: digits in the table are the standardized regression coeflicients and

those in brackets are standard deviations. ***p<0.001; **p<0.01;
*p<0.05.

0.060 (0.026)
0.080 (0.036)*

Academic background
Working years
Adjustment R

F value

(1) Mediation effect of safety communication on formal
network centrality. For the influence of closeness centrality
on safety compliance, from Table 9, it can be seen that
after consideration of the safety communication variable,
the level of model interpretation is significantly improved,
with the adjusted R* value increasing from 0.322 to 0.485,
and although the path coeflicient of closeness centrality
for safety compliance is reduced from 0.371 to 0.497, it
remains significant. This shows that safety communica-
tion plays a partial mediation role between closeness
centrality and safety compliance, whereby closeness
centrality can promote the safety compliance of con-
struction workers through safety communication. Re-
garding the influences of degree centrality and closeness
centrality on safety participation, the levels of model
interpretation also significantly improved, with the ad-
justed R* value increasing from 0.362 to 0.812. The path
coeflicients of degree centrality and closeness centrality
for safety participation are insignificant, which indicates
that safety communication plays a full mediation role in
their relationships and that improving the safety partic-
ipation of construction workers must be realized through
safety communication behavior.

(2) Mediation effect of safety communication on informal
network centrality. Regarding the influence of closeness
centrality on the safety compliance of construction
workers in informal networks, it can be seen from Table 9
that once the safety communication variable is consid-
ered, the level of model interpretation shows significant
improvement, with the adjusted R* value increasing from
0.182 to 0.431, and the path coeflicient of degree centrality
on the safety compliance of construction workers be-
comes insignificant. This indicates that safety commu-
nication plays a full mediation role in both and an
important role in terms of the effect of degree centrality in
informal networks on safety compliance. Regarding the
influence of degree centrality in informal networks on the
safety participation of construction workers, when the
safety communication variable is considered, the level of
model interpretation also significantly improves, with the
adjusted R* value increasing from 0.242 to 0.806. Al-
though the path coefficient of degree centrality on the
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TaBLE 9: Mediation effect of safety communication.

. Formal network
Variable

Cp—>SC Cd—)Sp

Informal network

Cp_)SP Cd_)SC Cd—>Sp

Regression intercept -0.557 (0.871) —-0.595 (0.589)
Cy - 0.069 (0.007)

o} 0.371 (0.016)** —

SC 0.481 (0.059)*** 0.793 (0.040)***
Gender ~0.198 (0.173)*** ~0.078 (0.117)*
Age —0.045 (0.054) —0.006 (0.037)
Academic background 0.069 (0.037) 0.076 (0.025)

Working years —-0.021 (0.052) 0.069 (0.035)

Adjustment R 0.485 0.812

F value 23.721 105.221

~0.595 (0.589) 2.599 (0.771)** 0.656 (0.504)
0.069 (0.007) 0.215 (0.771) 0.144 (0.007)*
0.091 (0.011) — —
0.793 (0.040)*** 0.558 (0.058)"** 0.836 (0.038)***
—0.078 (0.117)* —0.200 (0.182)*** —0.075 (0.119)"**
~0.006 (0.037) —0.071 (0.057) —0.015 (0.037)
0.076 (0.025) 0.058 (0.039) 0.066 (0.025)*
0.069 (0.035) —0.015 (0.055) 0.062 (0.036)
0.812 0.431 0.806
105.221 19.291 101.332

Note: digits in the table are the standardized regression coefficients and those in brackets are standard deviations; *** p <0.001; **p <0.01, *p <0.05.

safety participation of construction workers reduced from
0.490 to 0.144, it remains significant, which indicates
that safety communication plays a partial mediation role
in both.

5. Conclusions

How to improve the safety behaviors of construction
workers to reduce the number of safety accidents has been an
ongoing focus of construction engineering management. In
previous studies, scholars have explored the effects of in-
dividual and/or organizational factors on the safety be-
haviors of construction workers, but few have investigated
the impact of social network structures. This paper adopted a
social network approach in which social networks were
divided into two types (i.e., formal and informal), and the
effects of the node centralities of networks on the safety
behaviors of construction workers were investigated, spe-
cifically degree, closeness, and betweenness centralities. The
results reveal that these three kinds of node centrality in
formal networks have a significant positive effect on safety
participation, whereas only betweenness centrality has a
positive effect on safety compliance. Degree centrality in
informal networks was found to have a positive effect on
both safety compliance and safety participation. In formal
networks, safety communication was found to play a partial
mediation role in terms of the effect of closeness centrality
on safety compliance and to play full mediation roles in
terms of the effects of degree centrality and closeness cen-
trality on safety participation. In informal networks, safety
communication plays a full mediation role in terms of the
effect of degree centrality on safety compliance and a partial
mediation role in terms of the effect of degree centrality on
safety participation.

The research results presented in this study provide
theoretical support for construction firm administrators to
determine approaches and strategies for improving the
safety behavior of construction workers based on an un-
derstanding of social network structures. The results reveal
the importance of the establishment of a formal network
structure and the need to improve the node centralities of
construction workers by the establishment of general

working relationships and improving communication
modes to strengthen individual safety behaviors. On the
other hand, a good working environment and atmosphere
must be established to facilitate improvement in the in-
terpersonal relationships among individuals in groups and
to strengthen the function of individual social relation
networks to improve safety behavior.

This paper defined research objects within the groups of
a small number of engineering projects and the social
networks established based on intercept data subject to
investigation, and the research results have certain territorial
limitations and time constraints. Due to the mobility of
personnel and workplaces in the construction process, fu-
ture research should consider the time factor to enable the
analysis of the effect of changes in node centrality towards
individual safety behavior and the identification of the
dynamic evolution between social networks and safety be-
haviors to provide better guidance for engineering practice.

The current study is subjected to the following limita-
tions. First, the questionnaire data is cross-sectional. A
future study could be performed by collecting the longi-
tudinal data to validate the reliability of observed rela-
tionships between variables [57]. Second, this study is rooted
in a specific geographic context (i.e., Mainland China). The
next stage of research can explore the influence of the
structural characteristics of social networks on workers’
safety behaviors rooted in different countries or regions and
compare the research findings separately. Third, this study
focuses on the centrality characteristics of social networks of
construction workers. Future research could analyze the
effect of other network characteristics (e.g., network
density and structure hole) in shaping the workers” safety
behaviors.
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