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Abstract: This paper intends to use data to verify the correlation between safety culture, safety
management system and safety knowledge, safety awareness, and safety habits, which is the
correlation between the various parts of the behavior safety “2-4” model. Due to data limitations,
the results are limited to the study of safety culture related relationships in coal mining enterprises.
This paper first designed a questionnaire containing 30 questions, of which 1-5 questions represent
safety culture, 6-22 questions represent safety management system, and 23-30 questions represent
safety knowledge, safety awareness and safety habits. Employees of 27 coal mining enterprises in
Shandong, Henan, Hunan and other places in China were surveyed and sampled by stratified random
sampling, and 1514 valid questionnaires were obtained. After item analysis and correlation analysis,
and it was found that, within the data of 1514 questionnaires, the item total correlation coefficients
of questions 6, 9, 19 and 28 were all less than 0.2, indicating that the identification degree of these
four items was poor, which was deleted. Using the data analysis of the remaining 26 questions in the
questionnaire, it was found that the relationship between safety culture and the safety management
system, the safety management system and safety knowledge, and safety awareness and safety
habits is moderately related; safety culture and safety knowledge, safety awareness and safety
habits are weakly related. The conclusion shows that the safety culture directly affects the safety
management system; the safety management system directly affects the safety knowledge, safety
awareness and safety habits; the safety culture indirectly affects safety knowledge, safety awareness
and safety habits. However, why the expected strong correlation is not achieved, and whether the
same conclusion can be obtained if the data scale is expanded or other types of enterprises are added
for questionnaire measurement, these are questions worthy of further study, which is also the author’s
next research content.

Keywords: safety culture; safety management; safety knowledge; safety awareness; safety habits

1. Introduction

Professor Fu in the project team where the author works put forward the behavior safety “2-4”
model [1], as shown in Figure 1 below. The project team members used the model to analyze
748 coal mine accidents. For details, see the website information in Ref. [2] and several published
papers. The paper deals with coal mine accident analysis [3] and accidents in other industries [1,4-8].
The behavior safety “2-4” model points out that safety culture directly affects the safety management
system, the safety management system directly affects people’s safety knowledge, safety awareness,
safety habits, safety physiological and safety psychology, and safety culture indirectly affects safety
knowledge, safety awareness, safety habits, etc. through the safety management system. However,
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the correlation between the safety culture, safety management system, safety knowledge, safety
awareness and safety habits that caused the accident has not been studied. Therefore, this paper
intends to use the questionnaire design method to obtain data to verify the correlation between safety
culture, safety management system and safety knowledge, safety awareness and safety habits.

External causes

Lack of safety konwledge Unsafe acts
Shortage of safety awareness
Defects of | Defects of safety | Bad safety habits M
safety Culture management system Poor physiological status
Poor psychological status Unsafe
conditions
Root causes Radical causes Indirect causes Direct causes Accident
Phase TV: Phase TIT: Phase II: Phase I: One-off Results of
Guiding behavior Operating behavior Habitual behavior behavior and behavior
conditions
Level II: Organizational Level I: Individual Results of
behavior
Legend Causes within organization Accident ... Boundary line of _, Impacts
Organization

Figure 1. Accident causation “2-4” model (24 Model).

Ref. [9] analyzes the research status of China’s safety culture, and introduces the development,
achievements and prospects of China’s safety culture, in which the author and the member of the
project team (Gui Fu, Wei Jiang) are mentioned. This article is also a continuation of the safety culture
research content of the author and author’s research team.

At present, scholars have studied the relationship between safety culture and safety management,
safety culture and safety performance, safety culture and other related content. These studies are both
qualitative and quantitative.

Regarding the relationship between safety culture and safety management, many scholars
have found that safety culture has a direct or indirect impact on safety management. For example,
Guldenmund [10] analyzed the safety culture of the core, performance and overall dimensions. It is
concluded that, through the combination of these three safety cultures, the concept of safety culture
can be reshaped and the analytical potential of safety culture in understanding the development
and implementation of safety management systems can be enhanced. Robertson [11] conducted a
safety culture survey using the university aviation program and found a relationship between safety
management implementation and safety culture, safety improvement and safety culture, management
commitment and safety culture. Hendershot [12] found that an effective process safety culture is very
important to achieve effective process safety management, and a good safety culture is the key to
excellent process safety management. Lin et al. [13] found that the intensity of safety culture has a
direct or indirect impact on the safety management system and can affect the safety performance of the
company. Rollenhagen and Wahlstrom’s [14] research shows that the safety of nuclear power plants
cannot always be based on prescribed instructions. The management system and safety culture should
solve this problem, and should better understand the structure and content of the management system
and their impact on the safety of nuclear power plants. McDonald et al. [15] studied various aspects
of the safety management system and safety culture of the four organizations and found that the
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safety management systems and safety culture of the four organizations are largely consistent. There is
no difference between the four organizations” adherence to mission procedures and safety attitudes,
but with different subcultures, indicating differences in the concept of safety culture. Grote [16] studied
the uncertainty in management and proposed that safety culture is one of the means. It is suggested that
the different roles and importance of safety culture depend on the selected uncertainty management
method. It is required that any safety culture assessment must be evaluated through the matching
between the uncertainty faced by the organization and the uncertainty forms selected to deal with.
Gao et al. [17] established a model to explore the mediating role of safety management practices in
the development of process safety culture. Four safety management practices, including organizing
responsibilities / procedures, communication and coordination, safety training, and inspection and
monitoring, have been found to have positive mediating effects on safety culture, with inspection and
monitoring presenting the highest mediating effect.

For the research on safety culture and behavior, Fung et al. [18] investigated the relationship
between people’s safety culture and behavior, attitude and cognition, and made a comparison.
The research showed that organizational commitment has a high correlation with communication,
supervisors, individuals, workers, risk-taking behavior and other aspects. Tylor [19] studied the
safety culture model associated with the organization’s shared safety awareness to observable safety
behavior, and used accident cases to study the relationship between safety culture and observable
safety behavior. Ismail et al. [20] evaluated the impact of environmental behavior factors on the
development of safety culture and found that the internal environment of the organization is
weak and will affect safety behavior. In addition, through interviews with senior management,
it was discovered that the company’s safety culture status was contributed by the established
system. The Neevestada et al. [21] study found that safety cultures at different analytical levels
influence different types of unsafe behaviours, which in turn influence the risk of work injuries.
It is recommended to study the impact of culture on traffic safety at different levels of analysis
(i.e., countries, departments, and organizations).

Regarding safety culture and safety performance research, Kalteh et al. [22] uses the keywords
“Safety Culture and Safety Performance” and “Safety and Performance” to select English articles
published in 20052017 from different databases, and evaluates the role of safety culture in safety
performance in 31 articles extracted. It is found that improving the safety culture level can effectively
reduce accidents and improve safety performance indicators. Feng et al. [23] uses a variety of
techniques to collect data from 47 completed construction projects in Singapore. Research shows that
the safety performance of construction projects depends on the synergies between safety investment,
safety culture and engineering hazards. Chen et al. [24] explored the interactive relationship
between Taiwan’s construction industry safety culture and corporate safety performance, and found
that safety culture has certain predictive power and influence on Taiwan’s construction industry
safety performance.

There are also related studies on the relationship between safety culture or safety management
system and knowledge. For example, Vinodkumar et al. [25] used a questionnaire survey to measure
employees’ cognition of six safety management practices and self-reported safety knowledge, safety
motivation, safety compliance and safety participation. It turns out that safety knowledge and safety
motivation are key factors in interpreting these relationships. Firoozi et al. [26] found that knowledge
is an important source of capital for an organization and can only be correctly created and managed in
a healthy cultural environment. The paper adopts a health, safety, environment and cultural model
as a management model, which enables people to have a deep understanding of the health and
safety culture that promotes the interaction and transformation process. Azer et al. [27] explored the
relationship between organizational culture, knowledge management, and patient safety performance.
The study found that different dimensions of organizational culture are associated with more
effective knowledge management, and knowledge management is associated with better patient
safety performance. Warszawska et al. [28] identified six aspects of safety culture through safety
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culture assessments: knowledge and skills, awareness, information flow, monitoring and supervision,
management commitment, and continuous improvement. Kuimet et al. [29] studied the links and
developments between human resource management, organizational safety culture and knowledge
management literature, which found that the concept and framework of human resource management
can play an important role in the communication of safety knowledge within the organization.

This paper intends to use data to verify the relevance between safety culture, safety management
system and safety knowledge, safety awareness, and safety habits.

2. Description of Research Methods and Content

This paper intends to use the questionnaire design method to obtain data to verify the correlation
between safety culture, safety management system and safety knowledge, safety awareness and safety
habits, as shown in Figure 2 below.

Safety
awareness

Safety
management
system

Safety
habits

Figure 2. Correlation between safety culture, safety management and safety knowledge, safety
awareness, safety habits.

The research method is to analyze the contents of safety culture, safety management, safety
knowledge, safety awareness and safety habits in the literature [1], design multiple questions for each
part of the content, form a questionnaire, and use the SPSS software (SPSS Inc., Chicago, IL, USA)
to analyze the data obtained from the questionnaire. Finally, the correlation results of safety culture,
safety management, safety knowledge, safety awareness and safety habits are obtained.

The definitions and contents of safety knowledge, safety awareness, safety habits, safety
management system and safety culture are shown in literature [30]. It should be explained that
this article does not attempt to separate safety knowledge, safety awareness and safety habits, but to
use them as a concept to verify its relevance to safety culture and safety management. The reason is
that, in the behavior safety “2-4” model, insufficient safety knowledge, poor safety awareness and
poor safety habits are all indirect causes of accidents.

3. The Questionnaire Design

For the meaning of each part of safety culture, safety management system, safety knowledge,
safety awareness, and safety habits, set up multiple questions, form a questionnaire, and outline the
content of each question, as shown in Table 1 below.

Table 1. Overview of questionnaire setting contents.

Category Questionnaire Subject Number Summarization of Questionnaire Subject Content
1 The importance of safety
2 The degree to which casualties can be prevented
Safety culture 3 Safety creates economic benefits

The degree of safety integration into corporate
management

5 Safety is mainly determined by safety awareness
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Table 1. Cont.

Category Questionnaire Subject Number Summarization of Questionnaire Subject Content
6 Awareness of safety inputs
7 The role of safety regulations
8 Degree of responsibility of the management
9 The role of the safety department
10 Degree of employee involvement
11 The role of the linear department
12 The role of the management system
Safety management system 13 Quality of safety meetings
14 The way of safety system formed
15 The way of safety system implemented
16 The type of accident investigation
17 The type of safety inspection
18 Caring for injured workers
19 The degree of facility satisfaction

The relationship between safety performance and

20 human resources

21 Safety management of subsidiaries and contract units

22 Safety department’s work

23 The subject responsibility of safety

24 Formation of safety values

25 Requirements for safety training

Safety knowledge, safety 26 Impact of community safety

awareness and safety habits

27 Amateur safety management

28 The role of safety organization

29 Overall safety expectation

30 Emergency capability

4. The Selection and Basic Situation of the Investigated Personnel

Since the distribution, filling and collection of the questionnaire will affect the daily work of
the enterprise, and the questionnaire needs to be filled out voluntarily by the enterprise. After the
inquiry, 27 coal mine enterprises are willing to assist in filling out the questionnaire. These 27 coal
mine enterprises are located in Shandong, Henan, Hunan and other places in China. In each enterprise,
stratified random sampling was used to sample a total of 1610 employees were selected, and 1610
questionnaires were issued. Excluding the questionnaires with too much reaction tendency and missed
questions, 1514 valid questionnaires were obtained, and the effective recovery rate was 94%.

This section counts three parameters of the basic situation of the tested personnel: personnel
structure, education level and working years.

4.1. Personnel Structure

The investigated personnel were mainly divided into four categories: (1) Management, that is,
cadres at the middle level or above; (2) Foreman, that is, the leader who directly leads the front-line staff
or “leads the team”, usually the squad leader, the team leader, etc.; (3) professional, called non-leading
cadres in China, are characterized by higher consciousness and higher education level compared with
front-line staff, and can generally complete a certain task independently; and (4) front-line staff, that is,
those who directly perform on-site operations. The stratified random sampling method was used to
extract testers. According to the proportion of each type of personnel, 249 management personnel,
332 professionals, 376 foremen, and 557 front-line staff, totaling 1,514 people, were selected, as shown
in Figure 3.
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Figure 3. Personnel composition ratio diagram.

4.2. Educational Level

Figure 4 describes the degree of education of employees in the coal mine enterprise under
investigation. Among the “overall personnel”, high school education and the above account for a
relatively high proportion, reaching 77.5%, indicating that the overall level of cultural quality of the
tested personnel is relatively high. Among them, the number with junior college education is the
largest, accounting for 424 people, and accounting for 28% of the total sample. The lowest number
of people with an education level below junior high school was 51, accounting for 3.4% of the total
sample. The education level of the management and professionals is mostly junior college or above,
accounting for 85.1% and 88.2%, indicating that the cultural quality of the management and technical
personnel in the tested coal mines is relatively high.
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Figure 4. Basic information on the educational level of the tested employees.
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4.3. Working Years

Figure 5 describes the working years of coal mine employees in the coal mine enterprise
under investigation. The proportion of employees with “10 years of work experience” in
“management, foremen, professionals, front-line staff” was 60.2%, 57.8%, 51.6%, and 62.7%,
respectively; the proportion of “all personnel” was 58.5%. These people have accumulated a lot
of technical and management experience in the long-term work. In work practice and training,
these employees can tell more about their personal experience and lessons, which is helpful for
enterprise safety work and other related work, and can reduce the accident rate of enterprise
safety production.

58.5%
Overall level
- 62.7%
oFront-line staff
=
[+
9]
=
.-
A Foreman
<
p—
o
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19
:S\. Professional
-
o
I-g 60.2%
Management
0.0% 10.0% 20.0% 30.0% 40.0% 50.0% 60.0% 70.0%

Proportion

B More than 10 years M 5-10 years = 2-5years M Less than 2 years
Figure 5. Basic situation of the working years of the tested employees.

5. Questionnaire Measurement Results Item Analysis

The item analysis mainly analyzes the discrimination degree of the questionnaire items,
and identifies whether the questionnaire items can clearly distinguish the degree of reaction of different
test subjects. Item analysis is conducted for each safety culture level questionnaire item, and those
items that are not discriminating or not highly discriminating are the items of the measurement
questionnaire that need to be deleted.

5.1. Critical Ratio Method

The item analysis of the questionnaire uses the critical ratio method. Firstly, reverse scoring
was performed on the reverse questions in the measurement items, and the total scores of all tested
personnel on the measurement scale were calculated; the upper and lower 27% are the grouping
criteria, and the first 27% of the total measurement score is set as high grouping, and the last 27% of the
total measurement score is set as low grouping; Using the Independent sample t-test, the significant
difference between the average scores of the high and low groups on each measurement item is tested.
If the result of the t-test reaches a significant level, it indicates that the measurement item can identify
the response of different test subjects, that is, the item has a high degree of discrimination. If the result
of the t-test does not reach the significance level, or the t-statistic of the difference between the high
and low group of the item is less than 3, it means that the degree of discrimination of the item is poor,
and it may be considered to delete it. In this paper, reverse scoring is carried out for the reverse items
in the measurement items, and the total score of all items is calculated, and the ranking is conducted
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according to the score. SPSS software was used to conduct the Independent sample t-test, and the
mean significance difference between the low group and the high group on 32 items was obtained.
The test results are shown in Table A1.

From the results of the Independent sample f-test in Table A1, the f-statistic values of the
differences between high and low groups of the 30 items in the questionnaire are all greater than 3,
and the significance level of the t-test is 0.000, indicating that the 30-measurement item has a high
degree of discrimination and can identify the responses of different test groups.

5.2. Correlation Method

The correlation method is to calculate the correlation between the scores of each item and the
total score of all items, that is, the total correlation coefficient of the items. The items with a total
correlation coefficient less than 0.20 should be eliminated; the item with a total correlation coefficient
between 0.20 and 0.29 can be barely used; the items with a total correlation coefficient between 0.30
and 0.39 are good and will be retained; the items with a total correlation coefficient greater than 0.40
are excellent and will be retained [31]. This paper calculates the correlation coefficient between the
scores of 30 questions in the questionnaire and the total score. The results are shown in Table 2.

Table 2. Total correlation coefficients of 30 questions.

Question 1 2 3 4 5 6 7 8 9 10
Correlation 430 1451 0364 0309 0327 019 0446 0326 0185 0470
coefficient

Question 11 12 13 14 15 16 17 18 19 20
Correlation 05 (338 0363 0378 0404 0326 0383 0269 0153 0367
coefficient

Question 21 2 23 24 25 26 27 28 29 30
Correlation

- 0.322 0.452 0.336 0.330 0.329 0.289 0.261 0.097 0.300 0.350
coefficient

It can be seen from Table 2 that the total correlation coefficient of the item in questions 6, 9, 19 and
28 is less than 0.2, indicating that the discrimination of these four items is poor and will be deleted.
The total correlation coefficient of other items is between 0.20 and 0.50, and the item identification
is better. The data of the remaining 26 questions are used to prove the relationship between safety
culture, safety management system, safety knowledge, safety awareness and safety habits.

6. Correlation Verification between Safety Culture and Safety Management System and Safety
Knowledge, Safety Awareness and Safety Habits

By analyzing the data, the sample distribution is not particularly consistent with the normal
distribution, and there is no linear relationship between the two. Therefore, Spearman rank correlation
coefficient in correlation analysis is selected for analysis, and the value range of the correlation
coefficient in the analysis result is between —1 and +1. The larger the absolute value is, the stronger the
correlation was, and the symbol indicates the correlation direction. In addition, 0-0.09 is not correlated,
0.1-0.3 is weakly correlated, 0.3-0.5 is moderately correlated, and 0.5-1.0 is strongly correlated [32,33].
Tables 3-5 list the correlation coefficients between the three categories.

This paper studies the correlation between safety culture, safety management and safety
knowledge, safety awareness, and safety habits. Since the behavior safety “2-4” model believes
that safety culture directly affects safety management, and safety management directly affects
safety knowledge, safety awareness, and safety habits, it is expected that safety culture and safety
management are related, preferably having a strong correlation. The same is the relationship between
safety management system and safety knowledge, safety awareness, and safety habits. However,
the results obtained at the end of this paper are found to be moderately related, indicating that the
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relevant relationship to be proved in this paper is successful, but further research is needed to prove
whether the correlation can achieve strong correlation and what factors affect the correlation. This is the
content of the next study. In the behavior safety “2-4” model, the safety culture indirectly affects safety
knowledge, safety awareness, and safety habits through safety management system. The expectation
is to prove that safety culture is related to safety knowledge, safety awareness and safety habits.
The results obtained in this paper prove that the two are correlated and weakly correlated.

Therefore, this paper has succeeded in determining the correlation between safety culture, safety
management and safety knowledge, safety awareness and safety habits through the questionnaire
survey. The next step is to further study whether the relationship between safety culture and safety
management, safety culture and safety knowledge, safety awareness, and safety habits can achieve
strong correlation and factors affecting the correlation.

Table 3. Correlation coefficient between safety culture and safety management system.

Control Variable Coefficient Safety Culture Safety Management
System
Correlation coefficient 1.000 0.429 **
Safety culture Significant (two-tailed) 0.000
N 1514 1514
Correlation coefficient 0.429 ** 1.000
Safety management
system Significant (two-tailed) 0.000
N 1514 1514

** When the confidence level (double test) is 0.01, the correlation is significant.

Table 4. Correlation coefficient between safety management system and safety knowledge, safety
awareness and safety habits.

Safety Knowledge,
Control Variable Coefficient SafetysM :tr; an%ement Safety Awareness,
y Safety Habits
Correlation coefficient 1.000 0.376 **
Safety management
system Significant (two-tailed) 0.000
N 1514 1514
Safety knowledge, safety Correlation coefficient 0.376 1.000
awareness, safety habits Significant (two-tailed) 0.000

N 1514 1514

** When the confidence level (double test) is 0.01, the correlation is significant.

Table 5. Correlation coefficient between safety culture and safety knowledge, safety awareness and

safety habits.
Safety Knowledge,
Control Variable Coefficient Safety Culture Safety Awareness,
Safety Habits
Correlation coefficient 1.000 0.291 **

Safety culture Significant (two-tailed) 0.000

N 1514 1514

Safety knowledge, safety Correlation coefficient 0.291 1.000

awareness, safety habits Significant (two-tailed) 0.000
N 1514 1514

** When the confidence level (double test) is 0.01, the correlation is significant.
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7. Conclusions

@

)

®)

4)

)

In summary, the following conclusions are obtained:

This paper designed a questionnaire with 30 questions, among which 1-5 questions represent
safety culture, 6-22 questions represent safety management system, and 23-30 questions represent
safety knowledge, safety awareness and safety habits.

The questionnaires designed in this paper were used to measure the employees of 27 coal mines
in Shandong, Henan, Hunan and other places in China. Sampling was carried out by stratified
random sampling, and 1514 valid questionnaires were obtained.

After project analysis and correlation analysis, it was found that the total correlation coefficients
of questions 6, 9, 19 and 28 were all less than 0.2, indicating that the identification degree of these
four items was poor, which was deleted.

Using the data analysis of the remaining 26 questions in the questionnaire, it was found that the
relationship between safety culture and safety management system, safety management system
and safety knowledge, safety awareness, and safety habits are moderately related. Safety culture
is weakly related to safety knowledge, safety awareness and safety habits through the analysis
of the Spearman rank correlation coefficient between safety culture and safety management
system and safety knowledge, safety awareness and safety habits. The correlation coefficient
between the safety culture and safety management system is 0.429. The correlation coefficient
between safety management system and safety knowledge, safety awareness and safety habits is
0.376. The correlation coefficient between safety culture and safety knowledge, safety awareness,
and safety habits is 0.291.

The conclusions in this paper can only prove the correlation and cannot prove the causal relationship.
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Appendix A
Table A1. Independent sample t-test results.
t-test for the Mean Value Equation
Item Number o )
. p sig. Mean Standard 95% (f:ongqfefnce Interval
(Bilateral) Difference Error or Difterence
Value Lower Limit  Upper Limit
Assume that the 14.397 883 0.000 1.23184 0.08556 1.06391 1.39977
1 variances are equal
Assume that the 14.406 690.665 0.000 1.23184 0.08551 1.06395 1.39973
variances are not equal
Assume that the 17.891 883 0.000 1.10298 0.06165 0.98199 1.22398
2 variances are equal
Assume that the 17900  755.908 0.000 1.10298 0.06162 0.98202 1.22395
variances are not equal
Assume that the 12.843 883 0.000 0.69252 0.05392 0.58669 0.79835
3 variances are equal
Assume that the 12.850 735533 0.000 0.69252 0.05389 0.58672 0.79833
variances are not equal
Assume that the 8.841 883 0.000 0.36566 0.04136 0.28448 0.44683
4 variances are equal
Assume that the 8.850 458.004 0.000 0.36566 0.04132 0.28447 0.44685

variances are not equal
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Table Al. Cont.

t-test for the Mean Value Equation

Item Number X
af Sig. Mean Standard 95% (ffon]f;c'lfefnce Interval
t (Bilateral) Difference Error or Tifterence
Value Lower Limit  Upper Limit

Assume that the

; 11452 883 0.000 0.71957 0.06284 0.59624 0.84289
5 variances are equal
Assume that the 11459  659.967 0.000 0.71957 0.06279 0.59627 0.84287
variances are not equal
Assume that the 6.692 883 0.000 0.60645 0.09063 0.42857 0.78432
6 variances are equal
Assume that the 6.692 876.725 0.000 0.60645 0.09062 0.42859 0.78430
variances are not equal
Assume that the 16,498 883 0.000 1.20135 0.07282 1.05843 1.34426
7 variances are equal
Assume that the 16507  717.692 0.000 1.20135 0.07278 1.05847 1.34423
variances are not equal
Assume that the 12.618 883 0.000 0.87601 0.06942 0.73975 1.01227
8 variances are equal
Assume that the 12619  879.059 0.000 0.87601 0.06942 0.73976 1.01226
variances are not equal
Assume that the 6.006 883 0.000 0.45980 0.07656 0.30954 0.61005
9 variances are equal
Assume that the 6.006 877.323 0.000 0.45980 0.07655 0.30955 0.61004
variances are not equal
Assume that the 17.902 883 0.000 0.76694 0.04284 0.68286 0.85102
10 variances are equal
Assume that the 17912 707911 0.000 0.76694 0.04282 0.68288 0.85101
variances are not equal
Assume that the 9.637 883 0.000 0.82060 0.08515 0.65348 0.98772
11 variances are equal
Assume that the 9.640 826.186 0.000 0.82060 0.08512 0.65351 0.98768
variances are not equal
Assume that the 10931 883 0.000 0.65516 0.05994 0.53753 0.77280
12 varlances are equal
Assume that the 10937 724.975 0.000 0.65516 0.05990 0.53756 0.77277
variances are not equal
Assume that the 11.765 883 0.000 0.60212 0.05118 0.50168 0.70256
13 variances are equal
Assume that the 11.774 630.005 0.000 0.60212 0.05114 0.50169 0.70255
variances are not equal
Assume that the 11.891 883 0.000 0.60700 0.05105 0.50682 0.70719
14 variances are equal
Assume that the 11901  564.523 0.000 0.60700 0.05100 0.50682 0.70718
variances are not equal
Assume that the 15.119 883 0.000 1.14937 0.07602 1.00016 1.29857
15 variances are equal
Assume that the 15.119 882.985 0.000 1.14937 0.07602 1.00016 1.29857
variances are not equal
Assume that the 9.999 883 0.000 0.54617 0.05462 0.43897 0.65337
16 variances are equal
Assume that the 10.009  514.020 0.000 0.54617 0.05457 0.43896 0.65337
variances are not equal
Assume that the 15.919 883 0.000 1.66174 0.10439 1.45686 1.86661
17 variances are equal
Assume that the 15920  877.448 0.000 1.66174 0.10438 1.45688 1.86660
variances are not equal
Assume that the 9.476 883 0.000 0.47577 0.05021 0.37724 057431
18 variances are equal
Assume that the 9482 712333 0.000 0.47577 0.05018 0.37726 057429
variances are not equal
Assume that the 5.031 883 0.000 0.26946 0.05356 0.16433 0.37458
19 variances are equal
Assume that the 5.032 855.296 0.000 0.26946 0.05355 0.16434 0.37457

variances are not equal
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Table Al. Cont.

t-test for the Mean Value Equation

Item Number X
af Sig. Mean Standard 95% (ffon]f;c'lfefnce Interval
t (Bilateral) Difference Error or Tifterence
Value Lower Limit  Upper Limit

Assume that the

° 12.592 883 0.000 0.94071 0.07471 0.79409 1.08733
20 variances are equal
Assume that the 12600  667.577 0.000 0.94071 0.07466 0.79412 1.08731
variances are not equal
Assume that the 12.440 883 0.000 1.06256 0.08541 0.89492 1.23019
21 variances are equal
Assume that the 12447 704971 0.000 1.06256 0.08537 0.89496 1.23016
variances are not equal
Assume that the 14579 883 0.000 0.84860 0.05821 0.73436 0.96284
22 variances are equal
Assume that the 14592 530931 0.000 0.84860 0.05815 0.73436 0.96284
variances are not equal
Assume that the 11.275 883 0.000 0.94396 0.08372 0.77965 1.10828
23 variances are equal
Assume that the 11277 874.349 0.000 0.94396 0.08371 0.77967 1.10826
variances are l'lOt equal
Assume that the 12,098 883 0.000 0.95245 0.07873 0.79793 1.10697
24 variances are equal
Assume that the 12.098 882.987 0.000 0.95245 0.07873 0.79793 1.10697
variances are not equal
Assume that the 9.786 883 0.000 0.50081 0.05118 0.40036 0.60125
25 variances are equal
Assume that the 9794 553709 0.000 0.50081 0.05113 0.40037 0.60124
variances are not equal
Assume that the 10117 883 0.000 0.70531 0.06972 0.56847 0.84214
26 variances are equal
Assume that the 10.119 853.795 0.000 0.70531 0.06970 0.56850 0.84211
variances are not equal
Assume that the 9.905 883 0.000 0.72459 0.07315 0.58102 0.86817
27 varlances are equal
Assume that the 9905  882.608 0.000 0.72459 0.07316 0.58102 0.86817
variances are not equal
Assume that the 3.624 883 0.000 0.34728 0.09584 0.15919 0.53537
28 variances are equal
Assume that the 3.624 877.259 0.000 0.34728 0.09583 0.15921 0.53536
variances are not equal
Assume that the 10923 883 0.000 1.01634 0.09305 0.83372 1.19896
29 variances are equal
Assume that the 10920  849.614 0.000 1.01634 0.09307 0.83367 1.19901
variances are not equal
Assume that the 13.365 883 0.000 1.29584 0.09696 1.10555 1.48614
30 variances are equal
Assume that the 13.367 872.502 0.000 1.29584 0.09695 1.10557 1.48612

variances are not equal

References

1.  Fu,G,;Cao,].L; Zhou, L.; Xiang, Y.C. Comparative study of HFACS and the 24 Model accident causation
models. Pet. Sci. 2017, 14, 570-578. [CrossRef]

2. Behavior Safety Net. Available online: http://www.safetyscience.cn (accessed on 7 March 2019). (In Chinese)

3. Fu,G,; Zhao, Z.Q.; Hao, C.B.; Wu, Q. The accident path of coal mine gas explosion based on 24 Model: A case
study of the Ruizhiyuan gas explosion accident. Processes 2019, 7, 73. [CrossRef]

4. Xue, Y].Y,; Fu, G. Statistical analysis of the action path of unsafe act causes in general aviation accidents.
Saf. Environ. Eng. 2018, 25, 131-138. (In Chinese) [CrossRef]

5. Fu, G,; Zhao, Z.Q.; Chen, P. Analysis of Key Unsafe Acts in Major and Particular Major Gas Explosion Accidents.

In Proceedings of the IOP Conference Series Materials Science and Engineering, Pilsen, Czech Republic,
14-16 November 2018. [CrossRef]


http://dx.doi.org/10.1007/s12182-017-0171-4
http://www.safetyscience.cn
http://dx.doi.org/10.3390/pr7020073
http://dx.doi.org/10.13578/j.cnki.issn.1671-1556.2018.02.022
http://dx.doi.org/10.1088/1757-899X/452/2/022032

Int. J. Environ. Res. Public Health 2019, 16, 835 13 of 14

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Xue, YJ.Y.; Fu, G. A modified accident analysis and investigation model for the general aviation industry:
Emphasizing on human and organizational factors. J. Safety Res. 2018, 67, 1-15. [CrossRef] [PubMed]

Fu, G.; Zhou, L.; Wang, ].H.; Shi, M. Analysis of an explosion accident at Dangyang power plant in Hubei,
China: Causes and lessons learned. Saf. Sci. 2018, 102, 134-143. [CrossRef]

Zhou, L.; Fu, G.; Xue, Y.J.Y. Human and organizational factors in Chinese hazardous chemical accidents:
A case study of the ‘8.12’ Tianjin Port fire and explosion using the HFACS-HC. Int. J. Occup. Saf. Ergon. 2017,
24,329-340. [CrossRef] [PubMed]

Wang, B.; Wu, C. Safety culture development, research, and implementation in China: An overview.
Prog. Nucl. Energ. 2019, 110, 289-300. [CrossRef]

Guldenmund, EW. (Mis)understanding safety culture and its relationship to safety management. Risk Anal.
2010, 30, 1466-1480. [CrossRef] [PubMed]

Robertson, M.E. Examining the relationship between safety management system implementation and safety
culture in Collegiate flight schools. . Avi. Eng. Technol. 2018, 7, 2-14. [CrossRef]

Hendershot, D.C. Process safety management—You can’t get it right without a good safety culture.
Process Saf. Prog. 2012, 31, 1-5. [CrossRef]

Lin, H.Y. Modeling the important organizational factors of safety management system performance.
J. Model. Manag. 2012, 7, 166-179. [CrossRef]

Rollenhagen, C.; Wahlstrom, B. Management Systems and Safety Culture; Reflections and Suggestions
for Research. In Proceedings of the IEEE 8th Human Factors and Power Plants and HPRCT 13th Annual
Meeting, Monterey, CA, USA, 26-31 August 2007; pp. 145-148.

Mcdonald, N.; Corrigan, S.; Daly, C.; Cromie, S. Safety management systems and safety culture in aircraft
maintenance organizations. Saf. Sci. 2000, 34, 151-176. [CrossRef]

Grote, G. Understanding and assessing safety culture through the lens of organizational management of
uncertainty. Saf. Sci. 2007, 45, 637-652. [CrossRef]

Gao, Y.; Fan, Y.X.; Wang, J.; Li, X.; Pei, ].]. The mediating role of safety management practices in process
safety culture in the Chinese oil industry. J. Loss Prev. Process Ind. 2019, 57, 223-230. [CrossRef]

Fung, IW.H.; Tam, CM.; Tung, K.C.F; Man, A.S.K. Safety cultural divergences among management,
supervisory and worker groups in Hong Kong construction industry. Int. ]. Proj. Manag. 2005, 23, 504-512.
[CrossRef]

Taylor, J.B. Safety Culture-Assessing and Changing the Behaviour of Organisations; Grwer Publishing Limited:
Farnham, UK, 2010.

Ismail, F; Salimin, R.H.; Ismail, R. The Organisational environment-behaviour factor’s towards safety culture
development. Procedia Soc. Behav. Sci. 2012, 35, 611-618. [CrossRef]

Nevestad, T.O.; Phillips, R.O.; Sterkersen, K.V.; Laiou, A.; Yannis, G. Safety culture in maritime transport in
Norway and Greece: Exploring national, sectorial and organizational influences on unsafe behaviours and
work accidents. Mar. Pol. 2019, 99, 1-13. [CrossRef]

Kalteh, H.O.; Mortazavi, S.B.; Mohammad, E.; Salesi, M. The relationship between safety culture and safety
climate and safety performance: A systematic review. Int. J. Occup. Saf. Ergon. 2018. [CrossRef] [PubMed]
Feng, Y.; Teo, E.A.L.; Ling, EY.Y,; Low, S.P. Exploring the interactive effects of safety investments, safety culture
and project hazard on safety performance: An empirical analysis. Int. ]. Proj. Manag. 2014, 32, 932-943. [CrossRef]
Chen, W.T,; Wang, C.W.; Lu, S.T.; Pan, N.H. The impact of safety culture on safety performance-A case study
of Taiwan’s construction industry. Int. J. Organ. Innovat. 2018, 11, 1-15.

Vinodkumar, M.N.; Bhasi, M. Safety management practices and safety behaviour: Assessing the mediating
role of safety knowledge and motivation. Accid. Anal. Prev. 2010, 42, 2082-2093. [CrossRef] [PubMed]
Firoozi, N.H.; Hatami, A. Health and safety culture as a competitive advantage for knowledge-based
organizations: An HSEC model perspective. Knowl. Process Manag. 2017, 24, 188-195. [CrossRef]

Azer, S.A.; Baharoon, S. Medical error reporting: Is it about physicians” knowledge and their practice, or
patient safety culture in the workplace? East. Mediterr. Health |. 2016, 22, 228-229. [CrossRef] [PubMed]
Warszawska, K.; Kraslawski, A. Method for quantitative assessment of safety culture. J. Loss Prev. Process Ind.
2016, 42, 27-34. [CrossRef]

Kuimet, K.; Jarvis, M.; Virovere, A.; HartSenko, J. Linking human resource management and knowledge
management via commitment to safety. Saf. Technol. Environ. 2016, 7, 17-25. [CrossRef]


http://dx.doi.org/10.1016/j.jsr.2018.09.008
http://www.ncbi.nlm.nih.gov/pubmed/30553410
http://dx.doi.org/10.1016/j.ssci.2017.10.010
http://dx.doi.org/10.1080/10803548.2017.1372943
http://www.ncbi.nlm.nih.gov/pubmed/28854865
http://dx.doi.org/10.1016/j.pnucene.2018.10.002
http://dx.doi.org/10.1111/j.1539-6924.2010.01452.x
http://www.ncbi.nlm.nih.gov/pubmed/20626685
http://dx.doi.org/10.7771/2159-6670.1169
http://dx.doi.org/10.1002/prs.10501
http://dx.doi.org/10.1108/17465661211242796
http://dx.doi.org/10.1016/S0925-7535(00)00011-4
http://dx.doi.org/10.1016/j.ssci.2007.04.002
http://dx.doi.org/10.1016/j.jlp.2018.11.017
http://dx.doi.org/10.1016/j.ijproman.2005.03.009
http://dx.doi.org/10.1016/j.sbspro.2012.02.128
http://dx.doi.org/10.1016/j.marpol.2018.10.001
http://dx.doi.org/10.1080/10803548.2018.1556976
http://www.ncbi.nlm.nih.gov/pubmed/30526393
http://dx.doi.org/10.1016/j.ijproman.2013.10.016
http://dx.doi.org/10.1016/j.aap.2010.06.021
http://www.ncbi.nlm.nih.gov/pubmed/20728666
http://dx.doi.org/10.1002/kpm.1540
http://dx.doi.org/10.26719/2016.22.3.228
http://www.ncbi.nlm.nih.gov/pubmed/27334080
http://dx.doi.org/10.1016/j.jlp.2015.09.005
http://dx.doi.org/10.1515/ste-2015-0003

Int. J. Environ. Res. Public Health 2019, 16, 835 14 of 14

30.

31.

32.

33.

Fu, G,; Fan, Y.X;; Tong, R.P. A Universal methodology for the causation analysis of accidents. J. Accid. Prev.
2016, 2, 7-12. (In Chinese)

Ebel, B.R.L.; Frisbie, D.A. Essentials of Educational Measurement, 5th ed.; Prentice-Hall: Englewood Cliffs, NJ,
USA, 1991.

Introduction of Pearson Correlation Coefficient and Spearman Rank Correlation Coefficient. Available online:
https:/ /wenku.baidu.com/view /ad01681cb7360b4c2e3f64fd . html (accessed on 4 March 2019). (In Chinese)
Liu, L.J.; Liu, J.T. SPSS Data Statistics and Analysis Application Tutorial; Tsinghua University Press: Beijing,
China, 2017; p. 128. (In Chinese)

@ © 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http:/ /creativecommons.org/licenses/by/4.0/).


https://wenku.baidu.com/view/ad01681cb7360b4c2e3f64fd.html
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Description of Research Methods and Content 
	The Questionnaire Design 
	The Selection and Basic Situation of the Investigated Personnel 
	Personnel Structure 
	Educational Level 
	Working Years 

	Questionnaire Measurement Results Item Analysis 
	Critical Ratio Method 
	Correlation Method 

	Correlation Verification between Safety Culture and Safety Management System and Safety Knowledge, Safety Awareness and Safety Habits 
	Conclusions 
	
	References

