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Abstract

To explore the promoting effect of safety culture perception on worker's safety behavior, with safety awareness and
motivation and safety knowledge as mediating variables, and safety climate in shifts/departments as a moderating variable, a
study was conducted using a sample of 908 valid responses collected from a Chinese energy company. Structural equation
modeling was employed to examine the relationships. The research findings indicate that safety culture perception directly
promotes worker's safety behavior. Furthermore, safety awareness and motivation and safety knowledge mediate the
relationship between safety culture perception and worker's safety behavior. This suggests that safety culture perception
indirectly influences worker's safety behavior by enhancing their safety awareness, motivation, and knowledge. Additionally,
the study reveals that safety climate in shifts/departments positively moderates the effects of safety culture perception, safety
awareness and motivation, and safety knowledge on worker's safety behavior. This means that when safety climate in
shifts/departments is improved, it strengthens the positive impact of safety culture perception, safety awareness and
motivation, and safety knowledge on worker's safety behavior. The findings of this study provide valuable insights and
references for energy companies and other high-risk industries to promote worker's safety behavior.
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1. Introduction

Production safety directly affects the life safety of employees, the sustainable management of enterprises and
the overall stability of society. The occurrence of accidents is highly correlated with workers' unsafe behaviors
(Hofmann et al., 1996). This includes ignoring safety procedures, using equipment incorrectly, ignoring hazard
signs, and underestimating risks. Although equipment failure and technical problems can also cause accidents,
the behavior of workers largely determines whether the operation of a company is safe or not (Yin et al., 2017).
Enterprise safety culture is one of the key factors affecting employees' safety behavior, shaping employees
perception and attitude towards safety, and providing guidance for employees' safety behavior. Culture
positively affects safety performance, especially safety system culture, which is more significant in high-risk
industries or developed countries. Therefore, it is very important to study how to improve employees' safety
behavior through the influence of corporate culture on employees' cognition.

At present, the research on safety culture and safety behavior focuses on the construction of cultural system,
the concept of safety management and the countermeasures of unsafe behavior. In recent years, some scholars
have also discussed the relationship between enterprise safety culture and safety behavior. Martinez-Cércoles et
al. (2011) established a structural equation model of leadership behavior, safety culture and nuclear power plant
stuffs’ safety behavior for their research on leadership behavior and nuclear power plant stuffs’ safety behavior.
The results show that leadership behavior not only directly affects safety culture, but aso indirectly affects safety
behavior through safety culture. The study conducted by Al-Bayati et al. (2021) found that construction safety
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culture has a significant impact on safety behavior and safety motivation through the behavior of upper
management and safety personnel, while the impact of building construction safety atmosphere is less. The
above research indicates that enterprise safety culture has a positive impact on employees safety behavior.
However, the promoting mechanism between employees' perception of enterprise safety culture and their safety
behavior in actual production is still unclear. Safety culture perception is the subjective attitude and intuitive
judgment of employees to the construction of safety culture and safety system. The perception of safety culture
is not only restricted by individual physiological state, safety cognition and other factors, but also affected by
irrational factors such as emotion and intuition (Sung et a., 2022). The influence of safety culture perception on
safety behavior in different situations is complex and changeable, and the influence relationship and influence
mechanism are unclear. Therefore, it is necessary to deeply explore the influence and mechanism of safety
culture perception behind the safety behavior of employees in high-risk industries, so as to effectively promote
the safety behavior of workers and provide theoretical basis for enterprise risk management.

In summary, this paper verifies the promotion effect of perceived safety culture on safety behavior, and
attempts to explore the mediating and moderating role of employee safety awareness, safety common sense,
department or team safety atmosphere in this path, so as to establish the promotion mechanism between
perceived safety culture and actual safety behavior of employeesin enterprises. It provides a theoretical basis for
the construction of enterprise safety culture and the improvement of workers' safety behavior in high-risk
industries.

2. Objectives and hypotheses
2.1. Safety culture perception and safety behavior

Enterprise safety culture has been proved to have a positive impact on enterprise safety performance (Arzahan,
2022), that is, the promotion of safety culture can reduce workers' unsafe behaviors. Employees perception of
corporate safety culture may affect corporate safety performance through a series of potential paths. Employees
perceive that an organization's safety culture conveys a concern for safety, which may motivate employees to be
more aert and concerned about their own safety (Kalteh, 2022). At the same time, this perception may also
increase the safety motivation of employees, making them more willing to adopt safe behaviors, comply with
regulations, and actively participate in safety activities. Safety culture perception may aso contribute to
improving employees safety knowledge (Y orio, 2019). Employees perception of an enterprise's safety culture
may stimulate their attention to safety training and information, thus improving safety knowledge and common
sense, which makes employees more capable of adopting correct safety behaviors and reducing potentia safety
risks.

In addition, many scholars (Tong et a., 2022; Kalteh et al., 2022) have mentioned in their studies that the
safety atmosphere of the smallest organizational structure such as team or department plays a mediating role in
enterprise safety management (safety system, safety culture, safety concept, etc.), safety behavior, and
employees' participation in enterprise safety construction . The safety atmosphere within the team, including the
safety atmosphere of supervisors and colleagues, can mitigate or reverse the adverse impact of risk perception on
safety behavior in some cases. Meanwhile, safety environment and safety |eadership have a negative moderating
effect on the path from unsafe behavior intention to unsafe behavior. Team safety atmosphere aso has a positive
regulating effect on the safety behavior of the new generation of construction workers, especially in the aspects
of work-family balance, perceived work significance and the influence of organizational identity on their
behavior. In the following chapters, this paper will continue to discuss whether the mediating effect of safety
atmosphere also exists between the perceived degree of safety culture and the promotion path of safety behavior.

2.2. Hypothesis

According to the logical relationship between safety culture perception and safety behavior discussed in the
previous section, the following assumptions as shown in Figure 1 have been made:

Hypothesis 1: Safety Culture Perception has a significant positive impact on safety behavior.

Hypothesis 2: Safety Knowledge serves as a chain-mediator in the influence of safety culture perception on
safety behavior.

Hypothesis 3: Safety awareness and motivation serve as a chain-mediator in the influence of safety culture
perception on safety behavior.

Hypothesis 4: Safety Climate in Shifts/Departments positively moderates the influence of safety awareness
and motivation on safety behavior.
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Hypothesis 5: Safety Climate in ShiftsDepartments positively moderates the influence of safety knowledge
on safety behavior.

Hypothesis 6: Safety Climate in ShiftsDepartments positively moderates the influence of safety culture
perception on safety behavior.

Hypothesis 7: Safety awareness and motivation and Safety Knowledge play multiple mediating roles in the
influence of safety culture perception on safety behavior.

Safety Awareness and
Motivation

| ——H4————————»|

H7 H3
Safety Culture Safety Climate in Safety
Perception Shifts/Departments Behavior

H2

H6 L—H5—————»

Safety Knowledge
/ H1

Fig. 1. The hypothesis of the influence path of safety culture perception on safety behavior

3. Methodology
3.1. Research sample

In this study, a stratified random sampling method was adopted to distribute questionnaires online to the
employees of 40 tertiary subsidiaries under 26 secondary subsidiaries of a major energy company in Chinain 28
provincia administrative districts from June to October 2023, and atotal of 1,142 questionnaires were collected,
with 908 valid questionnaires, representing a validity rate of 79.51%.

The statistics for the valid samples are as follows:

Table 1. Research sample part basic information.

Graduate degree 2.75%
Bachelor's degree 45.93%
Education background ~ Associate degree 30.95%
High school/vocational school diploma 18.61%
Junior high school education or below 1.76%
TOperationdl sttt 7 s780%
. Professional and technical management personnel 31.06%
Job position .
Middle management personnel 8.70%
Company leadership 2.42%
“productionprocessposition | 5275%
human resources/general/accounting position 19.05%
Job category . ) ) . . ) .
equipment (including electrical and instrumentation) position  13.55%
HSE (Hedlth, Safety, and Environment) position 14.65%
TUnderiyer T Toege
2-3 years 20.93%
Y ear of service 4-5years 15.97%
6-10 years 19.93%
Over 10 years 33.48%
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In terms of age, the proportions of individuals in the age groups 26-30, 31-35, 41-45, and 51-55 are 11.89%,
25.77%, 13.44%, and 9.25% respectively. The age groups of 22-25 and 36-40 account for 4.63% and 11.04%
respectively. The proportion of individuals under 21 and over 55 isrelatively low.

Regarding educational background, individuals with a bachelor's degree make up 45.93% of the total, while
those with an associate degree account for 30.95%. There are 169 individuals with a high school/vocational
school diploma, constituting 18.61% of the total. Those with a junior high school education or below make up
1.76% of the total, while individuals with a graduate degree or above account for 2.75%.

In terms of job positions, the proportion of operational staff isthe highest at 57.82%, followed by professional
and technical management personnel at 31.06%. The proportion of leadership and middle management personnel
is relatively low, at 2.42% and 8.7% respectively. Concerning specific job categories, production process
positions account for 52.75%, followed by human resources/general/accounting positions at 19.05%. The
number of individuals in equipment (including electrical and instrumentation) positions and HSE positions is
relatively small, constituting 13.55% and 14.65% respectively.

In terms of years of service in their positions, employees with over 10 years of experience have the highest
proportion at 33.48%. This is followed by employees with 2-3 years and 6-10 years of experience, accounting
for 20.93% and 19.93% respectively. The proportion of employees with 1 year or less and 4-5 years of
experienceisrelatively low, at 9.69% and 15.97% respectively.

3.2. Resear ch tool

The questionnaire used in this study was divided into five dimensions, al in the form of a mature Likert 5-
point scale, including Safety culture perception, safety awareness and motivation, Safety climate in
shifts/departments, safety knowledge and safety behaviour. Safety awareness and motivation were selected from
the scale designed by Neal and Griffin (2006). Safety climate in shiftsdepartments was selected from the scale
of Brondino et a. (2006). Safety construction participation and safety behaviour were selected from the scale of
Guo et al. (2016). Safety culture perception was selected from Gill and Shergill's (2004)survey on safety culture
perception in the civil aviation industry, in which the civil aviation industry-related content was revised to make
it suitable for the energy industry. The Cronbach's apha coefficients of each part and the questionnaire as a
whole are shown in the table 2, with a high degree of data consistency.

Table 2. Reliability test for each dimension.

Dimension Cronbach’s a
Safety Culture Perception 0.907
Safety awareness and motivation 0.948
Safety Climate in ShiftsDepartments 0.892
Safety Knowledge 0.876
Safety Behavior 0.835

In this study, we aimed to investigate the influence of safety culture perception on worker's safety behavior,
considering safety awareness and motivation, as well as safety knowledge, as mediating variables. Additionaly,
we examined the moderating role of safety climate in shifts/departments. To analyze the relationships among
these variables, we employed Structural Equation Modeling (SEM), a method used to establish, estimate, and
test causal relationship models. SEM allows for the inclusion of both observable manifest variables and
unobservable latent variables.

4. Hypothesis verification and result analysis
4.1. Common method bias, validated factor analysis and discriminant validity tests

Based on the structural equation model and the latent error variable control method, the common method bias
was tested. By introducing the common method bias as a latent variable into the model, if the model's fit is
significantly better with the inclusion of the method bias latent variable compared to without it, then the common
method bias effect has been tested. The results indicate that in the 5-factor model, the chi-squared value (x°) is
1362.585, with degrees of freedom (df) = 851. The ratio of chi-squared to degrees of freedom (x*/df) is 1.601.
The comparative fit index (CFl) is 0.958, the Tucker-Lewisindex (TLI) is 0.926, and the root mean square error

248



of approximation (RMSEA) is 0.034. This suggests that the original data in this study does not exhibit a serious
issue of common method bias.

The results of the confirmatory factor analysis (CFA) indicate that the factor loadings of the items related to
safety culture perception, safety knowledge, safety awareness and motivation, safety behavior, and
shift/department safety climate range from a minimum of 0.651 to a maximum of 0.948. The composite
reliabilities (CR) for al five dimensions are above 0.600, and the average variance extracted values (AVE) al
exceed 0.500. The results of these studies, shown in table 3, indicate that the quality of confirmatory factor
modelsisreliable.

Table 3. Partial Fit Indicator Test Results

Fit Indicators x2df CFI TLI RMSEA
Reference Range <3.000 >0.90 >0.9 <0.08
Actual Values 1.601 0.958 0.926 0.034

Correlation and discriminant validity tests was completed as shown in table 4, the assumed paths between the
dimensions demonstrate positive correlations, thus providing preliminary evidence for the hypotheses.
Additionally, the results of the inter-variable correlation anaysis indicate that al five variables exhibit good
discriminant validity.

Table 4. Reliability test for each dimension.

Safety Culture Safety awarenessand ~ Safety Climatein Safety Safety

Dimension Perception motivation Shifts/Departments Knowledge Behavior

Safety Culture Perception 0.816 — — - _

Safety awareness and 0579+ 0717 _ — _
motivation

Safety Climatein - -

ShifDepatments 0527 0.561 0838 — -
Safety Knowledge 0.667** 0.614** 0578+ 0.765 -
Safety Behavior 0572%%* 0479 0.706** 0.537+ 0855

Note: * indicates significance level p < 0.05, ** indicatesp < 0.01, *** indicates p < 0.001, the same below; the square root of the average
variance extracted is shown on the diagonal.

4.2. Structural equation modelling (SEM) analysis (mediating and moder ating effect )

Hypotheses 1, 2, 3, and 7 which involves mediating effects were confirmed using the bootstrap method, and
the corresponding results are presented in Table 5 below.

Table 5. Reliahility test for each dimension.
Standardised  95%

Effects pathway Effect type path confidence zf]:f(' ;?gﬁje)
coefficient intervals

S.C.P—SB. Direct effect 0.305 [0.043,0.477] *x

S.C.P»SAM.—SB. Indirect effect  0.243 [-0.061,0.384] *x

S.C.P—»SK.—SB. Indirect effect  0.317 [0.136,0.368] *x

SC.P-SAM.-»SK.—SB. Indirect effect  0.170 [-0.078,0.314] —

S.C.P—SB. Total effect 0.588 [0.346,0.708] *x

Note: S.C.P. stands for safety culture perception, SA.M. stands for safety awareness and motivation, SK. stands for safety knowledge,
SB. stands for safety behavior, S.C. stands for safety climate in shifts/departments, the same below.

S.C.P — S.B. (Direct Effect): Standardised Path Coefficient of 0.305, 95% Confidence Interval [0.043,
0.477], Significance level is “**’. This means that Safety Culture Perception has a significant positive effect on
Safety Behaviour. Hypothesis 1 isvalid.

S.C.P — S.A.M. — S.B. (Indirect Effect): Standardised Path Coefficient is 0.243, 95% Confidence Interval is
[-0.061, 0.384], Significance level is “**°. This indicates that the effect of Safety Culture Perception on Safety
Behaviour, mediated through Safety Awareness and Motivation (S.C.P.), is not significant. Hypothesis 3 isvalid
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S.C.P. —» S.K. — S.B. (Indirect Effect): standardised path coefficient of 0.317, 95% confidence interval of
[0.136, 0.368], Significance level is “**’. Thisindicates a significant positive effect of Safety Culture Perception
on Safety Behaviour mediated through Safety Knowledge. Hypothesis 2 isvalid

S.C.P. —» S.AM. — S.K. — S.B. (Indirect Effect): The standardized path coefficient is 0.170 with a p-value
greater than 0.05, indicating that there is an insignificant effect mediated through the chain of Safety Awareness
and Motivation and Safety Knowledge. Therefore, Hypothesis 7 is not supported.

Taken together, the standardised path coefficient for the Total effect is 0.588 with a 95% confidence interval
of [0.346, 0.708] and a Significance level of “**’. This indicates that the overal effect of Safety Culture
Perception on Safety Behaviour is significantly positive.

To mitigate the influence of multicollinearity, the study employed a process of variable centering for the
independent, dependent, and moderating variables. Table 6 presents the examination results of the moderating
effects of safety climate in shifts/departments. Model 1 represents the regression analysis results after
incorporating Age, Job Positions, Education, and Work Experience as inputs. Model 2 and Model 3 depict the
regression analysis results after introducing safety culture perception and itsinteraction effect with safety climate
in shifts/departments. Similarly, Model 4 and Model 5 illustrate the regression analysis results after considering
safety awareness and motivation along with its interaction effect with safety climate in shifts/departments.
Lastly, Model 6 and Model 7 exhibit the regression analysis results after incorporating safety knowledge and its
interaction effect with safety climate in shifts/departments.

In Model 3, the interaction effect between safety culture perception and safety climate in shiftsdepartments
positively influences safety behavior, with a significant B-value of 0.160. This supports Hypothesis 6, indicating
that as safety climate in shifts/departments improves, the positive influence of safety culture perception on safety
behavior becomes stronger. Therefore, safety climate in shifts/departments positively moderates the impact of
safety culture perception on safety behavior.

Likewise, in Model 5, the interaction effect between safety awareness and motivation and safety climate in
shifts/departments positively influences safety behavior, with a significant B value of 0.106. This supports
Hypothesis 4, suggesting that safety climate in shifts/departments enhances the positive influence of safety
awareness and motivation on safety behavior. In other words, safety climate in shiftsdepartments positively
moderates the impact of safety awareness and motivation on safety behavior.

Similarly, in Model 7, the interaction effect between safety knowledge and safety climate in
shifts/departments positively influences safety behavior, with a significant B-value of 0.098. This supports
Hypothesis 5, indicating that safety climate in shifts/departments strengthens the positive influence of safety
knowledge on safety behavior. Therefore, safety climate in shifts/departments positively moderates the impact of
organizational identification on safety behavior.

Table 6. Reliability test for each dimension.

Model

Variables

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7
Age 0.020 0.015 0.038 0.034 0.045 0.012 0.026
Job Positions 0.025 -0.038 -0.022 0.011 0.024 0.063 0.071
Education -0.009 0.019 0.017 0.006 0.003 0.010 0.008
Work Experience  0.088 0.034 0.042 0.024 0.030 0.051 0.056
SC.P. — 0.266 *** 0.219 *** — — — —
SAM. — — — 0.322 *** 0.324 *** — —
SK. — — — — — 0.525 *** 0.460 **
S.C. — 0.523 *** 0.606 ** 0.545 *** 0.529 ** 0.393*** 0.413**
S.C.P.xS.C. — — 0.160** — — — —
S.AM. xS.C. — — — — 0.106** — —
S.K.xS.C. — — — — — — 0.098*
gﬁ;m:?d 1434 70.265 72.433 76.680 67.712 94.772 81.365

Note: The above are all Beta values.
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5. Discussion

The findings of this study provide valuable insights into how organizations can effectively apply safety culture
perception to reduce workers unsafe behavior. By enhancing employees perception of safety culture,
organizations can effectively promote safer work practices and reduce the occurrence of unsafe behavior.
Moreover, the results emphasize the importance of not only improving employees' understanding and awareness
of safety culture but also fostering their motivation and willingness to prioritize safety. Organizations can
achieve this by implementing comprehensive safety training programs, promoting open communication
channels, and encouraging employee involvement in safety initiatives. By enhancing safety awareness and
motivation, organizations can further strengthen the positive impact of safety culture perception on workers
safety behavior. Additionally, a positive safety climate refers to shared perceptions, attitudes, and behaviors
related to safety within a specific unit or department. The research findings suggest that when the safety climate
within shifts or departments is supportive and promotes a strong safety culture, it can amplify the effects of
safety culture perception, safety awareness and motivation, and safety knowledge on workers' safety behavior.
To create a positive safety climate, organizations should encourage teamwork, promote safety as a shared
responsibility, and recognize and reward safe behavior. By fostering a positive safety climate, organizations can
maximize the impact of safety culture perception on workers' safety behavior.

In conclusion, this study provides practical implications for organizations aiming to reduce workers' unsafe
behavior. By focusing on safety culture perception, organizations can enhance workers perception of safety,
which directly promotes safety behavior. Furthermore, organizations should prioritize safety awareness and
motivation, as well as safety knowledge, as mediating factors in this relationship. By implementing training
programs, promoting open communication, and fostering employee involvement, organizations can enhance
safety awareness and motivation. Lastly, organizations should strive to create a positive safety climate within
shifts or departments to maximize the impact of safety culture perception, safety awareness and motivation, and
safety knowledge on workers' safety behavior. By implementing these strategies, organizations can effectively
reduce workers' unsafe behavior and create a safer work environment. Further research can explore the specific
interventions and strategies that organizations can adopt to enhance safety culture perception and promote safety
behavior among workers.

6. Conclusion

Two key factors, namely safety awareness and motivation, and safety knowledge, have been identified as
partial mediators in the relationship between perceived safety culture and safety behavior. Safety awareness and
motivation refer to individuals understanding of the importance of safety and their willingness to engage in safe
practices. On the other hand, safety knowledge pertains to the level of understanding and familiarity individuals
possess regarding safety procedures and protocols.

Furthermore, Both safety awareness and motivation, as well as safety knowledge, play significant roles in
mediating the impact of perceived safety culture on safety behavior. However, the mediating effect of safety
awareness and motivation is dightly more influential than that of safety knowledge. This suggests that while
knowledge is important, the motivation and willingness to prioritize safety are critical factors in driving safety
behavior.

Moreover, the findings indicate that safety climate within shifts or departments can act as a moderator,
amplifying the impact of safety culture perception, safety awareness and motivation, and safety knowledge on
safety behavior. A positive safety climate within shifts or departments refers to the shared perceptions, attitudes,
and behaviors related to safety among employees working in the same unit. When the safety climate is
supportive and promotes a strong safety culture, it can further enhance the positive effects of safety culture
perception, safety awareness and motivation, and safety knowledge on safety behavior.

In conclusion, the perception of safety culture has a significant positive effect on safety behavior within
organizations. By improving employees perception of safety culture, organizations can enhance their safety
behavior. Safety awareness and motivation, as well as safety knowledge, play important mediating roles in this
relationship, with safety awareness and motivation having a dightly greater influence. Additionaly, a positive
safety climate within shifts or departments can act as a moderator, strengthening the impact of safety culture
perception, safety awareness and motivation, and safety knowledge on safety behavior. These findings highlight
the importance of fostering a strong safety culture and promoting safety awareness, motivation, and knowledge
to improve safety behavior in organizations.
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