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Abstract: The construction industry is replete with significant safety risks, underscoring the necessity
to comprehend the factors that shape workers’ safety behaviors for efficacious accident prevention.
This study aims to investigate the impact of managers’ safety perception (MSP) on construction
workers’ safety behaviors (WSBs), while also exploring the mediating roles of workers’ safety aware-
ness (WSA) and workers’ safety competency (WSC). Utilizing a structural equation model (SEM),
data were collected from 248 construction workers through a validated questionnaire. The findings
indicate that MSP has a direct influence on WSBs (mean effect size = 0.065, p < 0.01) and an indirect
effect on WSBs through enhanced WSA (effect size = 0.386, p < 0.01) and WSC (effect size = 0.392,
p < 0.01). This research makes a contribution to the existing literature in several ways. First, it
introduces a new measurement scale for MSP. Second, it highlights the direct and indirect effects on
WSBs. Third, it emphasizes the importance of fostering safety awareness and competency among
workers. In addition, the study offers practical implications for construction managers seeking to
improve safety outcomes on-site.

Keywords: managers’ safety perception; construction workers’ safety behaviors; workers’ safety
awareness; workers’ safety competency; influencing process; structural equation model

1. Introduction

The construction industry plays a pivotal role in China’s national economy, providing
the necessary infrastructure for economic growth and employment opportunities, par-
ticularly for rural workers [1,2]. Despite the sector’s substantial economic impact, it is
marred by considerable safety concerns, largely due to its intrinsic complexities and the
inherently hazardous outdoor working environment [3–7]. The Chinese government has
reported a total of 584 safety accidents that occurred in 2023, resulting in 635 fatalities [8].
Similarly, in the United States, the construction industry recorded 1902 fatal injury cases
in 2022, underscoring the global nature of safety challenges in this sector. Prior research
has indicated that over 80% of safety accidents are linked to unsafe behaviors among
workers [9,10], emphasizing the need to investigate the incentive mechanisms for workers’
safety behaviors (WSBs) to prevent safety accidents in the construction industry.

To mitigate these risks, the Chinese government has implemented a comprehensive
set of safety regulations and standards. For example, the “Regulations on the Management
of Construction Project Safety Production” (2003) and the “Occupational Health and Safety
Management Systems-Requirements with Guidance for Use” (GBT 45001-2020) set forth
rigorous standards for safety protocols and training for workers in the construction sec-
tor [11,12]. Nevertheless, despite the existence of regulatory frameworks, the high rate
of accidents in the construction industry indicates that existing policies may not be fully
effective in motivating WSBs on site.
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Previous scholars have examined the causes or influential factors affecting WSBs [3,13–15].
These factors have been classified into societal, project-related, organizational, team-based,
and individual causes [16,17]. However, a significant gap remains in our understanding
of the specific role that safety managers’ individual characteristics play in influencing
WSBs. Most studies have focused on leadership styles, such as safety leadership and leader-
member exchange (LMX), in motivating worker safety compliance [18–22]. However,
there has been little attention paid to how managers’ safety perceptions (MSP) influence
this process, despite emerging evidence that managers with a heightened awareness of
safety tend to demonstrate superior knowledge and competency in guiding safe work
practices [18,23].

Moreover, although workers’ safety awareness (WSA) and worker’ safety competency
(WSC) have been identified as pivotal elements influencing their behaviors, the precise
mechanisms through which these factors interact with MSP remain uncertain. The aca-
demic literature lacks a comprehensive theoretical framework that explains how MSP
influences WSBs, either directly or indirectly, through mediators such as WSA and WSC. It
is imperative that this gap be addressed, as an understanding of these relationships could
provide new strategies for improving safety outcomes on construction sites.

In light of these considerations, the present study seeks to examine the influence of
MSP on WSBs and the contributions of WSA and WSC to this influence. First, the paper
puts forth research hypotheses that are firmly rooted in existing theories and literature.
Furthermore, it establishes a conceptual model to describe the relationships between MSP,
WSA, WSC, and WSBs. Second, structural equation models (SEMs) will be employed to
test the conceptual model, thereby enabling conclusions to be drawn.

The findings of this research will make a significant contribution to both theoretical
and practical knowledge. Theoretically, the study will establish a novel framework that
links MSP with WSBs, thereby contributing to the existing safety management literature.
From a practical standpoint, the findings will offer valuable insights to policymakers and
construction managers seeking to develop more effective safety management strategies.
By identifying the key drivers of WSBs, particularly the crucial role of MSP, the study will
inform targeted interventions that enhance compliance with safety regulations, thereby re-
ducing accident rates within the construction industry (see Section 5.1 for further discussion
of the theoretical and practical contributions).

This study’s main originality is its focus on a particular kind of safety manager
individual trait, namely, MSP, and its examination of how MSP affects WSBs through the
mediating effects of WSA and WSC. This study provides a fresh viewpoint by investigating
managers’ personal characteristics and their direct and indirect impacts on safety outcomes,
in contrast to previous research that mostly focuses on leadership styles. Additionally, this
study presents a recently validated measurement scale for evaluating MSP.

Despite its novelty, this study has two major limitations: (a) it only looks at the
Chinese construction industry, which restricts how broadly the findings can be applied, and
(b) other organizational and individual factors, like the safety climate and workers’ attitudes,
are not taken into account (more discussion on limitations is presented in Section 5.3).

2. Literature Review and Conceptual Model
2.1. Manager’s Safety Perception

Safety perception refers to the individual or organizational mindset and behavior re-
garding their understanding of safety regulations, safety institutions, safety organizations,
workplace hazards, and hazard prevention methods [24,25]. Safety perception for construc-
tion managers refers to how they view the previously described safety features of project
construction and management procedures. This includes their knowledge of national
safety laws and regulations, safety management goals, safety scenarios, organization-level
or project-level safety management procedures, and associated safety technology and
methods [26]. By addressing workers’ safety concerns and establishing high-level safety
management habits, MSP plays a critical role in comprehensive safety management. The
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frequency of risky behaviors among construction workers can be considerably decreased
by managers’ daily safety knowledge and safety management techniques, which would
lower the number of accidents related to safety [27].

2.2. Workers’ Safety Awareness

There are differing opinions among academics as the building industry’s academic
community has not yet agreed upon a definition for WSA. According to Kim et al. [28],
WSA includes the psychological functions of will, emotion, and cognition in relation to
the risks in the workplace. In contrast, Hubbard et al. [29] defined WSA as the com-
prehension and use of safety concepts in industrial operations Peterson [30] suggested
that WSA involves the psychological defenses that employees use on daily basis when
performing production activities, which reflects their innate need for safety. Zhao [31]
underlined that subjective cognition shapes WSA, which is impacted by a person’s encoun-
ters with pertinent technologies and safety rules. For this investigation, we have utilized
Hubbard et al.’s definition

2.3. Workers’ Safety Competency

WSC results from aligning safety tasks with their intrinsic characteristics, which are
dynamic, adaptable, and individually based [24,32]. This concept refers to the ability and
skills necessary to discern and address potential hazards during construction operations,
leveraging available resources and the surrounding environment to mitigate personal
injuries and property damage [33,34]. In the context of routine construction activities, WSC
incorporates a range of elements, including prevention of accidents and the formulation
of post-accident responses. This expansive safety competency is typically expressed as a
combination of diverse qualities, which can be categorized into explicit knowledge and
skills, as well as implicit attitudes and personal values. In a more limited sense, construction
WSC is primarily concerned with the knowledge and skills related to safety [35,36], which
is the definition of WSC adopted in this study.

2.4. Workers’ Safety Behaviors

WSB was first introduced into the construction industry by Neal et al. [37,38], drawing
upon the principles of behavior-based safety management [5,39]. Since its introduction, this
concept has been widely accepted as an effective indicator for predicting the performance
of construction safety management. The term is defined as a series of actions undertaken
by workers to ensure their own safety and that of others during the construction process.
These behaviors can be classified into two categories: safety compliance behaviors and
safety participation behaviors [40]. Safety compliance behaviors are defined as actions
undertaken by workers to adhere to safety rules, regulations, and organizational standard
operating procedures within their work environment. To a certain extent, the responsibility
for safety compliance behaviors is attributed to the workers themselves. In contrast, safety
participation behaviors encompass voluntary safety-related actions that workers undertake
to promote the safety of themselves and their colleagues, extending beyond their formal
job duties. As posited by Neal and Griffin, construction workers’ safety behaviors include
obeying safety rules and regulations, correctly using protective equipment, and taking
appropriate measures to ensure their own safety and that of others when confronted with
potential hazards [41,42].

2.5. Manager’s Safety Perception and Workers’ Safety Behaviors

MSP can be defined as the knowledge, concepts, and cognitive frameworks that man-
agers develop regarding safety-related issues through their own perceptions, memories,
thoughts, and imaginations [25]. In context of daily construction activities, front-line
managers are in close contact with construction workers, and their influence on workers’
psychological and behavioral safety is significant. According to cognitive theory, when in-
dividuals engage in communication, particularly during periods of transition, they actively
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process the messages they receive and generate cognitive responses [43]. The consequences
of these cognitive responses ultimately determine whether particular behavior roles are
adopted [43]. Safety managers occupy a pivotal role in the formation and development
of WSBs, and their safety perception represents a vital factor influencing the quality and
safety of operations. The extant literature on safety management in mines has identified
MSP as a significant predictor of workers’ safety behaviors. For instance, An et al. [44] have
demonstrated that managers exert an influence on miners’ unsafe behaviors through their
safety knowledge and motivations. Additionally, MSP can impact workers’ physical and
psychological symptoms [45], which are prerequisites for their safety behavior according
to the theory of planned behavior [46]. Moreover, the safety perceptions of construction
workers’ managers and foremen are key influential factors in their safety behavior. Project
managers and foremen who possess a high level of safety perception are knowledgeable
about various aspects of industrial safety, including the characteristics of safe practices,
national and organizational safety laws and regulations, as well as management strategies
for addressing safety hazards and risks. Such perceptions can effectively enable project
safety managers and foremen to implement efficacious safety management strategies [26].
Consequently, it can be posited that MSP can positively influences WSBs.

2.6. Mediating Role of Workers’ Safety Awareness

While prior research has not shown that MSP can directly affect WSA, foremen and
safety managers who have a good safety perception can successfully communicate precise
and comprehensive safety information to front-line employees. After passively absorbing
this information, these workers may become more aware of safety issues and adopt safer
practices [18,19,47,48]. Additionally, after developing a high level of safety awareness,
construction workers are likely to adopt more standardized safety practices and are much
more skilled at identifying potential safety hazards throughout the construction process [49].
Additionally, workers with heightened safety awareness are more inclined to recognize and
address unsafe conditions, and a safe working environment is essential for encouraging
safe behaviors. Conversely, previous research has indicated that when workers possess low
safety awareness, they may engage in habitual and unconscious unsafe behaviors [38,50,51],
such as leaving the electrical box open, letting cables soak in water, or storing flammable
materials in the woodworking area. In contrast, when workers demonstrate higher degree
of safety awareness, they are more predisposed to engage in safe behaviors. Based on the
above analyses, we can speculate that MSP can positively influence WSA, which in turn
affects WSBs. Additionally, WSA exerts a mediating effect on the relationship between
MSP and WSBs.

2.7. Mediating Role of Workers’ Safety Competency

Perception is a prerequisite for related behaviors, and managers’ safety perception
directly influences their safety-related actions. Managers are more likely to support safety
training, invest in safety, and carry out safety inspections in compliance with industrial
safety rules when they possess a higher degree of safety perception. These activities,
i.e., safety training, safety investment, and safety inspection, have a significant impact
on workers’ safety competency [36]. Both formal and informal safety training enhance
workers’ knowledge and skills; safety investments provide the necessary financial support
for developing these safety skills; and safety inspections ensure that safety competencies
are effectively applied in on-site practices [52–54]. Therefore, we can presume that MSP
can positively affect WSC.

Prior research on WSC has demonstrated that the variable has a major impact on WSBs.
For instance, An et al. [44] argued that coal mine workers’ safety abilities are a crucial
variable affecting their safety behavior. Specifically, high levels of safety competency enable
workers to identify unsafe conditions during construction activities and address them,
thereby creating a safer environment for safety practices. Additionally, safety competency
reflects the extent of workers’ mastery of technical operations. The more skilled workers
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are in these operations, the fewer mistakes they make, leading to an increase in safe
behaviors [29,55]. For construction workers, the inherent temporality, complexity, and
high risk of construction work necessitate a greater reliance on their safety competency to
reduce damage. As such, WSC should have a more pronounced impact on WSBs in the
construction industry. Therefore, we hypothesize that WSC can positively influence WSBs
and exert a mediating effect on the relationship between MSP and WSBs. Accordingly, we
established the conceptual model of this research (see Figure 1).
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3. Research Method
3.1. Measurement

We selected measurement scales to assess MSP, WSA, WSC, and WSBs. A multi-step
approach was used to ensure the validity of these measurement scales, which allowed us
to obtain reliable observational data.

Step 1 Development of initial measurement scales

The initial measurement scales for the above variables were derived from existing vali-
dated scales. A 5-point Likert scale was used to measure all the variables due to its widespread
acceptance, with 1 indicating “strongly disagree” and 5 indicating “strongly agree.”

Managers’ safety perception Existing literature has not identified validated measure-
ment scales for MSP, so the scale for measuring MSP was initially developed based on the
workers’ safety perception proposed by Xiao et al. [56] and Loosemore et al. [57]. Three
initial items were derived at this stage. One sample item is that “The project management
personnel have a clear understanding of the major safety risk sources of this project”.

Workers’ safety awareness A 3-item measurement scale of WSA proposed by Zhao [31]
was initially selected for this study. One sample item is that “I think safety should be given
priority in work”.

Workers’ safety competency The measurement scales proposed by Yu [58] and
Qi et al. [59] were selected to derive the scale of WSC in this study. After removing
the duplicate items, a 5-item scale was initially developed. One sample item is that “I have
rich experience in the work I am engaged in”.

Workers’ safety behaviors The 6-item measure scale developed by Neal and Griffin [40]
was utilized in this research to assess WSBs. An example item is “I use all the necessary
safety equipment to do my job”.

Step 2 Experts group evaluation

Initial MSP, WSA, and WSC scales were developed in this study. Subsequently, we or-
ganized a panel of experts to further evaluate these initial scales. Eleven experts, including
six researchers and five field practitioners, were selected for this step, all of whom have ten
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or more years of experience in safety management. These experts were first provided with
definitions of the measured variables, after which they assessed or improved the scales
based on their knowledge and experience. One item was then added to the initial MSP
scale and one to the initial WSA scale.

Step 3 Pretest of six construction workers

Although all the adjusted initial scales were taken from the literature, we are unsure if
the construction workers’ low educational attainment will allow them to understand the
items. Thus, we used six construction workers in a pretest. These workers were explicitly
requested to help with scale adjustment and were carefully chosen for this pretest. To make
sure that every participant understood the items, we reworded the scales following several
rounds of pretesting and conversations. These procedures led to the development of the
small-sample pretest measurement scales, which are shown in Table 1.

Table 1. Measurement scales used in this study.

Variables Item Name Measurement Items

Manager’s safety perception

msp1 Project managers are very concerned about and familiar with the relevant norms of
national or project safety management.

msp2 The project management personnel attach great importance to and understand the
special safety construction plan of this project.

msp3 The project management personnel have a clear understanding of the major safety
risk sources of this project.

msp4 Project management personnel and teams believe that it is important to understand
the level of workers’ safe operation.

Worker’s safety awareness

wsa1 I don’t think the accident happened by chance, it’s just that we didn’t detect the
hidden danger in advance.

wsa1 I think safety should be given priority in work.

wsa3 I believe that unsafe behavior during the construction process not only endangers
myself, but also endangers other workers.

wsa4 I think there are dangers everywhere on the construction site, so we need to be more
vigilant.

Worker’s safety competency

wsc1 I have rich experience in the work I am engaged in.

wsc2 I can proficiently master the mechanical equipment used for works.

wsc3 I can use safety protection equipment correctly.

wsc4 I can correct my colleagues’ mistakes and stop them.

wsc5 I will proactively address safety hazards in the workplace **.

Worker’s safety behavior

wsb1 I always strictly follow the safety rules and procedures to wear safety protective
equipment (such as seat belts, helmets, safety shoes, protective gloves, etc.).

wsb2 I strictly follow the safety management regulations when working.

wsb3 I will strive to ensure my safety to the fullest extent possible **.

wsb4 I will conduct a strict inspection of safety equipment before homework.

wsb5 I will remind my colleagues when they are working unsafe or in unsafe areas.

wsb6 I will actively participate in safety education **.

Notes: Items marked with ** are deemed to not meet the criteria and should be excluded.

Step 4 Small-sample pretest

We also performed a small-sample pretest to evaluate the validity of the measurement
scales because they had never been tested in earlier research. For this pretest, we included
60 construction workers from two randomly chosen Changsha building sites. The collected
data were imported into SPSS to evaluate the reliability and validity of the scales. We used
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Cronbach’s alpha and Cronbach’s alpha if deleted item to test the reliability, and factor
loadings from exploratory factor analyses to assess the validity of the scales. Both the MSP
and WSA scales passed the reliability and validity test (with all Cronbach’s alpha > 0.7, all
Cronbach’s alpha if item deleted < Cronbach’s alpha, and all factor loading values > 0.7).
One item was removed from the WSC scale and two items were removed from the
WSBs scale because the values of Cronbach’s alpha if deleted item are greater than
Cronbach’s alpha.

We acquired the measurement scales for the follow-up questionnaire (seen in Table 1)
after completing the four previously described steps.

3.2. Procedure and Participants

There are two sections to the questionnaire. In the first part, we created questions
to collect demographic data from the participants, such as gender, age, education, prior
employment history, and current working hours. The measurement scales for the four
variables, MSP, WSA, WSC, and WSBs, are shown in the second section. Construction
workers were requested to provide responses to these questions.

A non-probability sampling approach was adopted for the selection of construction
workers. Changsha and Zhengzhou were chosen as the target research sites due to existing
collaborations with some construction companies and managers in these regions. This
selection strategy made it easier to obtain high-quality data from workers. Two surveys
were carried out in the two cities. We liaised with construction managers, who facilitated
the completion of online questionnaires by front-line workers through WeChat. All survey
responses were collected anonymously.

The online survey was conducted over a two-month period, from 1 October to
30 November 2023. A total of 286 questionnaires were collected, of which 248 deemed valid,
resulting in a retention rate of 86.7%. The retained data are sufficient for further analysis, as
the ratio of sample size to the number of variables exceeds 5. The sample included 225 male
workers and 23 female workers. The age distribution of the respondents was as follows:
2 were under 30 years old, 156 were between 31 and 50, and 90 were 51 or older. The
average duration of employment in the construction industry among the respondents was
17.62 years. Comprehensive demographic details of the surveyed construction workers are
provided in Table 2.

Table 2. Demographic information on construction workers participants (N = 248).

Demographic Variable Category Numbles Percentage (%) Means Standard Deviations

Gender
Male 225 91 1.09 4.57

Female 23 9

Age

20–30 years old 2 1 45.66 129.22

30–40 years old 70 28

40–50 years old 86 35

>50 years old 90 36

Education

Elementary school and below 10 4 2.13 9.39

Junior High School 141 57

Senior High School 97 39

University and above 0 0

Working years

<10 years 35 14 17.62 143.37

10–15 years 120 48

15–20 years 12 5

>20 years 81 33
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Table 2. Cont.

Demographic Variable Category Numbles Percentage (%) Means Standard Deviations

Current working hours

<0.5 years 38 15 1.40 10.77

0.5–1 years 55 22

1–1.5 years 126 51

1.5–2 years 38 15

>2 years 29 12

Project type

Residential buildings project 106 43 2.43 24.75

Transportation project 48 19

Commercial residential building 28 11

Industrial factory building project 14 6

Other project 52 21

3.3. Data Analysis Methods

First, the data were imported into SPSS 23 software to assess their normality and
reliability. The skewness and kurtosis coefficients were utilized to evaluate normality. The
criteria stipulate that the absolute values of the skewness coefficient should be less than
3, and the absolute values of the kurtosis coefficient should be less than 10. To test the
reliability of the observed variables, Cronbach’s alpha (CA), corrected item-total correlation
(CITC), and Cronbach’s alpha if deleted item (CADI) were employed [60]. The fundamental
guidelines indicate that CA value should be greater than 0.7, CITC values should exceed
0.5, and the CADI value should be less than the CA.

Second, the data were processed using AMOS 23 to assess the validity of the measure-
ment, which includes structural validity, convergent validity, and discriminant validity.
Multi-round confirmatory factor analysis (CFA) was employed to evaluate the structural
validity of the measure. We selected Chi-square/degree of freedom ratio (χ2/df), compar-
ative fit index (CFI), goodness of fit index (GFI), root mean square error of approximate
(RMSEA), and p-value to demonstrate the fit of the models. Specifically, the χ2/df should
be less than 3, with smaller values indicating a better fit; CFI and GFI should be greater than
0.8, with higher values suggesting a better fit; and RMSEA should be less than 0.08, with
smaller values indicating a better fit [61,62]. Additionally, factor loading (FL), composite
reliability (CR), and average variance extracted (AVE) were utilized to assess the convergent
validity. The criteria for these tests are that all FL values should exceed 0.5, CR should be
greater than 0.7, and AVE should be greater than 0.5 [63]. Furthermore, the Fornell–Larcker
criterion was applied to evaluate the discriminant validity, which stipulates that the AVE
value of a variable must be greater than the Pearson correlation coefficients between that
variable and other variables included in the models.

Third, the data were processed using AMOS 23 to validate the conceptual model pro-
posed in the study. Three structural equation models (SEMs) were established to test both
the main effect and the mediating effect. The fit of the model was assessed using χ2/df, GFI,
and RMSEA. Additionally, the Sobel test and significance tests of the path coefficients were
employed to demonstrate the significance of both the main effect and the mediating effect.

4. Research Results
4.1. Data Reliability and Validity

The observational data were first imported into SPSS to test the normality. The absolute
values of the skewness coefficients are between 0.055 and 2.650, which are less than the
decision coefficient of 3. The absolute values of the kurtosis coefficients are between 0.744
and 5.905, which are less than the decision coefficient of 10, indicating that the observed
data are subject to normal distribution.

The observed data were then processed to test reliability. As shown in Table 3, all the
CITC values are greater than 0.5, all the CADI values are less than the corresponding CA
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values, and all the CA values are greater than 0.7, indicating that the observed data have
better reliability.

Table 3. Reliability analysis of the collected data.

Items CITC CADI Overall CA

msp 1 0.975 0.931

0.971
msp 2 0.922 0.969
msp 3 0.922 0.970
msp 4 0.966 0.937

wsa 1 0.782 0.933

0.934
wsa 2 0.924 0.890
wsa 3 0.835 0.916
wsa 4 0.844 0.914

wsc 1 0.926 0.920

0.950
wsc 2 0.849 0.944
wsc 3 0.910 0.928
wsc 4 0.857 0.944

wsb 1 0.918 0.962

0.968
wsb 2 0.881 0.963
wsb 4 0.951 0.953
wsb 5 0.918 0.962

The KMO test yielded a value greater than 0.7, and the Bartlett test was statistically
significant (p < 0.05), indicating that the observed data exhibited a strong correlation and
were thus suitable for factor analysis. A confirmatory factor analysis (CFA) was conducted
to examine the structure validity of the measures. As illustrated in Table 4, the four-factor
model demonstrated a superior fit when compared to alternative models. Consequently,
the structure validity of the measurement scale was validated by the observed data.

Table 4. Structural validity test by using confirmatory factor analysis.

Model χ2/df CFI GFI RMSEA p

Four factors (baseline model): managers’ safety perception,
workers’ safety awareness, workers’ safety competency and
workers’ safety behaviors

2.63 0.913 0.901 0.073 0.000

Three factors: combining workers’ safety awareness and workers’
safety competency 3.39 0.783 0.752 0.097 0.000

Three factors: combining managers’ safety perception and
workers’ safety awareness 3.61 0.721 0.712 0.104 0.027

One factor: combining all studied variables 5.35 0.546 0.512 0.143 0.034

In accordance with the results of the baseline model, the convergent validity test is
presented in Table 5. All paths are statistically significant (p < 0.01), all FL values are greater
than 0.5, all CR values exceed 0.7, and all AVE values are greater than 0.5, indicating that
the observed data demonstrate good convergent validity. The results of the discriminant
validity test are presented in Table 6. They demonstrate that all the variables exhibit strong
discriminant validity, as all correlations are less than the square root of the corresponding
AVE values.
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Table 5. Validity results of the observed data (FL, significance, CR and AVE).

Variables Items Unstd. p Std. (FL) CR AVE

MSP

msp 1 1.000 0.970

0.987 0.949
msp 2 1.057 *** 0.964
msp 3 1.023 *** 0.985
msp 4 1.000 *** 0.977

WSA

wsa 1 1.000 0.816

0.937 0.788
wsa 2 1.118 *** 0.977
wsa 3 1.077 *** 0.870
wsa 4 1.154 *** 0.880

WSC

wsc 1 1.000 0.960

0.953 0.835
wsc 2 0.827 *** 0.879
wsc 3 1.062 *** 0.940
wsc 4 0.770 *** 0.873

WSBs

wsb 1 1.000 0.953

0.968 0.884
wsb 2 0.969 *** 0.895
wsb 4 1.083 *** 0.972
wsb 5 0.984 *** 0.957

Notes: *** denotes the p values are less than 0.001.

Table 6. The discriminant validity results.

Variables MSP WSA WSC WSBs

MSP (0.974)
WSA 0.576 (0.888)
WSC 0.370 0.759 (0.914)
WSBs 0.457 0.704 0.842 (0.940)

Notes: the values in parentheses are the square root of the AVE values.

4.2. Main Effect Validation

As previously argued, MSP has a potential to positively influence WSBs. We estab-
lished SEM1 to test the significance of this path. SEM1 demonstrated a superior fit (χ2/df =
2.412 < 3, GFI = 0.912 > 0.8, and RMSEA = 0.052 < 0.08). The model results are presented
in Figure 2. Moreover, the path coefficients are presented in Table 7, indicating that the
path is statistically significant (with all p value less than 0.01). It can thus be concluded that
managers’ safety perception can positively influence workers’ safety behaviors.
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Table 7. Path coefficients of managers’ safety perception influencing workers’ safety behavior.

Influencing Path Std. S.E. p

WSB←MSC 0.456 0.061 ***
Notes: *** denotes the p values are less than 0.001.
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4.3. Mediating Effects Validation

As hypothesized, workers’ safety awareness can exert a mediating effect on the re-
lationship between MSP and WSBs. We established SEM2 to test the significance of this
path. The results of SEM2 demonstrate a superior fit (χ2/df = 2.502 < 3, GFI = 0.903 > 0.8,
and RMSEA = 0.072 < 0.08). The model result is presented in Figure 3. Moreover, the path
coefficients are presented in Table 8, indicating that all the paths are significant (with all
p value less than 0.01).
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Figure 3. The validated mediating role of workers’ safety awareness.

Table 8. Path coefficients of the mediating role of workers’ safety awareness.

Influencing Paths Std. S.E. p

WSA←MSC 0.577 0.031 ***
WSB←WSA 0.669 0.122 ***
WSB←MSC 0.073 0.062 ***

Notes: *** denotes the p values are less than 0.001.

As evidenced in Table 8, the paths from MSP to WSA and from WSA to WSBs are
both statistically significant, with all p-values for the path coefficients being less than 0.001.
Moreover, the Sobel test value for the mediating effect was calculated to be 5.269, which
exceeds the threshold of 1.96. This indicates that the mediating effect of WSA on the
relationship between MSP and WSBs is significant, with an effect size of 0.386. Furthermore,
the path from MSP to WSBs is also significant, with a path coefficient of 0.073 and a p-value
of less than 0.001, suggesting that MSP can positively and directly influence WSBs.

As assumed previously, WSC can also exert a mediating effect on the relationship be-
tween MSP and WSBs. We established SEM3 to test the significance of this path. The results
of SEM3 show a superior fit (χ2/df = 2.673 < 3, GFI = 0.917 > 0.8, and RMSEA = 0.033 < 0.08).
The model results are presented in Figure 4. The path coefficients are presented in Table 9,
indicating all the paths are significant (with all p value less than 0.01).
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Table 9. Path coefficients of the mediating role of workers’ safety competency.

Influencing Path Std. S.E. p

WSC←MSC 0.507 0.055 ***
WSB←WSC 0.774 0.070 ***
WSB←MSC 0.063 0.065 ***

Notes: *** denotes the p values are less than 0.001.

As shown in Table 9, the paths from MSP to WSC and from WSC to WSBs are sig-
nificant, with all p-values for the path coefficients being less than 0.001. Additionally, the
Sobel value for the mediating effect was calculated to be 7.080, which exceeds the threshold
of 1.96. This indicates that the mediating effect of WSC on the relationship between MSP
and WSBs is significant, with an effect size of 0.392. Therefore, MSP can indirectly and
positively influence WSBs through WSC. Furthermore, SEM3 demonstrates that the positive
and direct influence of MSP on WSBs is also significant, with a path coefficient of 0.063 and
a p-value of less than 0.001. Moreover, based on the analysis above, while the direct effect
is significant, the indirect effect of MSP on WSBs is greater, with a mean value of 0.389.

5. Discussion

The present study concentrated on the examination of the impact of MSP on WSBs
among construction workers. Additionally, we investigated whether two key variables,
WSA and WSC, mediate the relationship between MSP and WSBs. This study’s distinctive
contribution is its focus on the influence of managers’ individual attributes in cultivating
and molding construction workers’ safety behaviors, particularly with regard to their safety
perceptions. To explore these relationships, we proposed and validated a conceptual model
that illustrates the interconnections among MSP, WSA, WSC, and WSBs. The findings
indicate that MSP has a positive and direct influence on WSBs (average effect size = 0.065)
and also exerts a positive and indirect influence through WSA and WSC. The mediating
effects of these two variables on the relationship between MSP and WSBs are significant,
with effect sizes of 0.386 and 0.392, respectively. It is noteworthy that the indirect effect of
MSP on WSBs is greater than the direct effect.
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5.1. Theoretical Contributions

This study fills a significant vacuum in the literature by presenting a number of
theoretical advances, especially through the creation of a validated measurement scale for
MSP. Only a few studies have looked at the roles of managers’ individual psychological
processes or their results, even though prior studies have mostly concentrated on safety
leadership and leader-member exchange (LMX) in encouraging safe behaviors [64,65].
As a result, we stress the significance of MSP and have developed a new measurement
scale for this concept. By addressing this gap, our study introduces a novel framework to
quantitatively evaluate the impact of MPS on WSBs. In addition to improving theoretical
clarity, this recently created scale offers a useful instrument for further study. It enables
a more sophisticated comprehension of the role that managers’ personal traits play in
determining the safety outcomes of their employees, a topic that has received little attention
in previous research [52,57].

Second, by showing that MSP directly and positively affects WSBs, this study signif-
icantly advances the field. Our work highlights a clear cognitive-behavioral connection,
whereas previous research has mostly concentrated on indirect factors such organizational
safety culture and leadership styles [27,66]. This shift from leadership styles to manager
individual safety perception represents a novel direction in the field. By identifying this
direct pathway, we challenge previous assumptions that managerial influence on safety
behaviors is always mediated by broader organizational factors. Our findings indicate that
managers’ safety perception alone can serve as a powerful determinant of workers’ safety
compliance and participation, providing a new theoretical perspective for understanding
construction safety management [48,67].

Moreover, this research offers new insights by demonstrating that WSA plays a me-
diating role in the relationship between MSP and WSBs. The extant literature has not
adequately addressed the question of how workers’ safety awareness is influenced by
managers’ safety perception [63,68,69]. This study addresses this gap by illustrating that
a manager’s heightened safety perception can indirectly enhance workers’ safety behav-
iors by improving their safety awareness. This finding underscores the pivotal role of
managerial influence on workers’ psychological processes, offering a novel perspective
on the interplay between cognitive perception and behavior. Furthermore, it provides
a foundation for new research on how workers’ safety awareness can be systematically
developed through targeted managerial interventions [38,52].

Lastly, the study introduces WSC as an additional mediating variable between MSP
and WSBs. Although previous research has identified competency as a factor influencing
safety behavior [70,71], the role of managers’ perceptions in enhancing this competency
has been largely overlooked. The findings of this study indicate that managers with strong
safety perceptions can significantly improve workers’ competency through targeted training
and effective communication. This establishes a direct cognitive-to-competency link, which
has not been emphasized in the existing literature. The discovery that safety competency
mediates the relationship between perception and behavior offers a novel theoretical
framework, contributing to a more comprehensive understanding of the determinants of
construction workers’ safety behaviors [33,55].

5.2. Management Implications

The findings of this research underscore that MSP can have both direct and indirect
impacts on WSBs. It is imperative for managers to focus on nurturing safety perceptions
and to enact subsequent strategic interventions. Initially, the establishment of comprehen-
sive and appropriate safety education and training programs is crucial at the industrial,
organizational, and project levels for individuals in safety management roles. These pro-
grams should delineate the training curriculum with clarity, and each tier should institute
disciplinary measures for non-adherence to safety training protocols. Second, organizations
must augment their focus on safety communication and the dissemination of safety-related
knowledge. Stakeholders in the project, including designers, general contractors, and
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subcontractors, should intensify the periodic examination and evaluation of safety risks.
The insights gleaned from safety knowledge should be effectively conveyed to on-site
management personnel. Third, management should conduct routine assessments of work-
ers’ safety attitudes and conditions to promote proactive safety measures and to ensure
compliance with operational requirements.

The quantitative analyses presented herein reveal that WSA and WSC have a direct
influence on WSBs, and both WSA and WSC act as mediators in the relationship between
MSP and WSBs. Consequently, governmental officials and organizational managers should
prioritize safety training to bolster WSA and WSC. First, the government should enact
policies for worker safety training and establish foundational procedures, assessment
criteria, and a system of incentives and sanctions within the construction sector. Second,
corporate managers are tasked with formulating worker safety training schemes that
are consistent with industrial policies and organizational goals, with a commitment to
rigorous enforcement. Third, project management teams should conduct on-site safety
training in line with industry and organizational policies. Additionally, the adoption
of advanced technologies can be leveraged to enhance safety training, such as the use of
safety production documentaries, software-based training, and virtual reality (VR) scenario-
based instruction. Fourth, subcontractors may implement a “mentoring system” within
worker teams, enabling experienced personnel to mentor novices. Furthermore, safety
management professionals should gain a thorough understanding of the influence of MSP,
WSA, and WSC on WSBs. They can coordinate the development of safety training programs
and evaluation tools for both managers and workers to ensure congruence among MSP,
WSA, and WSC.

5.3. Limitations and Future Directions

This study has several limitations that should be acknowledged. First, the research
is confined to the construction industry within China, which may restrict the external
validity of the findings for other sectors or national contexts. The construction context
presents unique challenges and dynamics that may not be applicable in different cultural
or industrial environments. Future research could explore similar relationships in diverse
settings, such as manufacturing or service industries, to provide a broader understanding
of how managers’ safety perceptions influence workers’ behaviors across various contexts.

Second, while this study emphasizes the role of MSP, other organization-level and
individual-level factors, such as safety climate, leader-member exchange, workers’ attitudes,
risk tolerance, and external influences (e.g., peer behavior), were not extensively addressed.
These factors could significantly impact safety behaviors and may mediate or moderate
the relationships proposed in our model. Future studies should consider integrating these
variables into the conceptual framework to develop a more comprehensive understanding
of the dynamics of safety behavior.

Additionally, this research relies on self-reported data, which may introduce bias in
measuring safety perceptions and behaviors. Future studies could employ observational
methods or mixed-method approaches to validate self-reported data and obtain more
comprehensive insights into the actual safety behaviors exhibited on construction sites.

Lastly, longitudinal studies are recommended to assess the stability of the relationships
over time. Understanding how MSP and WSBs evolve can provide valuable insights into
the long-term effectiveness of safety interventions and training programs. By addressing
these limitations and exploring new directions, future research can further enrich the
academic discourse on safety management and contribute to the development of effective
strategies to enhance worker safety.

6. Conclusions

This study offers valuable insights into how managers’ safety perceptions influence
workers’ safety behaviors in the Chinese construction industry. We developed a conceptual
framework that identifies the mediating roles of workers’ safety awareness and workers’
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safety competency. The findings indicate that managers’ safety perception directly affects
workers’ safety behaviors and influences them indirectly by enhancing workers’ safety
awareness and safety competency.

The research makes a significant contribution to the literature by introducing a new
measurement scale for managers’ safety perception, thereby addressing a critical gap in
existing studies. It emphasizes the importance of construction managers prioritizing their
safety perception and fostering a culture of safety awareness and competency among workers.

The study also has limitations, including its focus on the construction industry in China
and its reliance on self-reported data. Subsequent studies can further explore these dynam-
ics in various contexts and incorporate additional factors, ultimately contributing to the
development of effective safety management strategies designed to enhance worker safety.
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