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Abstract: The risks faced by the mining industry have always been prominent for every walk of
life in China. As the direct cause of accidents, individual unsafe behaviors are closely related to
their risk perception. So, it is important to explore the factors affecting miners’ risk perception and
analyze the influencing mechanisms between these factors and risk perception. The questionnaire
survey method was used to collect the data of risk perception from nearly 400 respondents working
in metal mines in China. Exploratory factor analysis and confirmatory factor analysis were used
to analyze and process collected data. The impact of four factors affecting miners’ risk perception
was verified, namely: organizational safety atmosphere, organizational trust, knowledge level,
and risk communication. Then, regression analysis, Pearson correlation analysis, and structural
equation model analysis were used to examine the effect of the four influencing factors on miners’
risk perception. The four influencing factors all have a positive impact on miners’ risk perception;
knowledge level has the largest explained variation of miners’ risk perception, followed by risk
communication. Organizational trust and organizational safety atmosphere have an indirect and
positive impact on miners’ risk perception intermediated by knowledge level and risk communication.
The results offer four important aspects of mine safety management to help miners establish quick
and accurate risk perception, thereby reducing unsafe behaviors and avoiding accidents.

Keywords: knowledge level; organizational safety atmosphere; organizational trust; risk communication;
risk perception

1. Introduction

The risk of the mining industry always ahead of various industries in China. According
to statistics, from 2003 to 2021, the number of mine accidents is 5930, which is 24.49%
of all accidents, and the death toll reached 18,567, which is 21.58% of the total death
toll, only ranking behind road accidents [1]. So, the accidents of the mining industry
are frequent and especially serious [2]. The coal operational environment is complex,
volatile, and unfavorable, including poor light conditions, environmental air containing
high concentrations of dust, and much crossover work, which increases the accident rate.
Frequent accidents bring miners great psychological and physical harm. So, the issue of
how to decrease accidents in mines is an urgent problem. As a prerequisite for behavioral
decision making, perception is closely related to unsafe behaviors, which are the central
causes for accidents.

Slovic considered risk perception to be the understanding and intuitive feelings of
objective ventures [3]. Sitkin and Pablo thought risk perception was the assessment of
risk controllability, risk probability, and confidence of estimation by describing and feeling
objective risks [4,5]. In this paper, we consider risk perception to be the feelings, understand-
ing, and direct evaluation of objective risk through experience or knowledge. Our study
shows that miners’ safe behaviors and risk perception at work need to be improved [6],
and few studies concentrate on miners’ risk perception. So, it is necessary to study the
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factors affecting miners’ risk perception and analyze the influencing mechanisms between
these factors and risk perception. This study mainly solved two questions: Which factors
have a significant impact on miners’ risk perception? How did the influencing factors
affect miners’ risk perception? This study offers a new approach to improve miners’ risk
perception and reduce unsafe behaviors, improving influencing factors of risk perception.

According to the psychometric paradigm, socio-cultural theories, social amplification
of risk, and other related theories [7,8], the main influencing factors of risk perception could
be divided into two aspects: individual and organizational factors [9].

1.1. Individual Factors

During previous exploration of risk perception in the public, some studies found that
there were significant relationships between risk perception and individual factors such as
age, gender, educational level, organizational trust, career satisfaction, and so on [10–14].

Between the public and experts, the varied COVID-19 risk perception was mainly due
to different COVID-19-related knowledge levels [15]. A high level of knowledge had both
a positive and negative impact on risk perception [16]. The impact of knowledge level on
risk perception should be considered in specific situations.

Public trust could significantly affect public risk perception [17]. Some studies found
that institutional trust may influence individual risk perception [18,19]. Therefore, organi-
zational trust may also affect miners’ risk perception.

Previous studies showed that the influence on individual risk perception was different
among different careers [17–22]. Different careers will bring different levels of satisfaction,
and a previous study showed that the higher the career satisfaction, the lower the capacity
for risk perception [23]. So, it is significant to explore the impact of career satisfaction on
miners’ risk perception.

Riddel found that risk attitude had a significant impact on individual judgement,
which is related to their risk perception [24]. Different kinds of risk attitudes had different
levels of influence on individual risk perception [25]. The way that risk attitude affects
miners’ risk perception is worth exploring.

1.2. Organizational Factors

Security matters are related to many organizational factors, such as organizational
safety atmosphere and risk communication [16,26,27].

Safety atmosphere is mainly used to describe individuals’ judgement of safety value
in specific environments [6]. A previous study proved that safety atmosphere profoundly
influences individual risk perception [28]. Weyman concluded that safety culture, which
included safety atmosphere, had a positive impact on personal risk perception [29]. In this
paper, organizational safety atmosphere refers to the direct perception of safety in a mining
organization’s internal environment, such as safety atmosphere in a working environment.

Risk communication is an interactive process for exchanging risk information and
opinions [30]. Sufficient and effective risk communication has a positive impact on in-
dividual risk perception [31–33]. It is necessary to explore the relationship between risk
communication and risk perception.

1.3. All Influencing Factors of Risk Perception

Based on the theories above, this study focused on the risk perception of metal min-
ers, and analyzed some influencing factors of risk perception to explore the relationships
between risk perception and those influencing factors. We propose that knowledge level,
organizational trust, career satisfaction, risk attitude, safety atmosphere, and risk communi-
cation may affect miners’ risk perception. Considering the mining industry’s characteristics,
we analyzed the mechanisms between these factors and risk perception using the regres-
sion analysis, Pearson correlation analysis, and structural equation model analysis, and
established a hypothesis model of miners’ risk perception. We designed an influencing
factor measurement scale and a risk perception measurement scale, then conducted surveys.
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The results of this study are beneficial to expand on related theories of risk perception
and, specifically, improve miners’ risk perception to effectively prevent unsafe behaviors
and accidents.

2. Materials and Methods
2.1. Questionnaire and Sample
2.1.1. Pre-Questionnaire and Sample

Based on the psychometric paradigm, previous studies, and verified risk perception
measurement scales [34–36], our initial scale was revised by 15 experts in company manage-
ment, 15 university teachers engaging in risk perception, and 20 graduates whose majors
related to mining safety. Items referred from references are as follows: (1) hiding troubles
of gas which were not solved [34]; (2) I would like to take risks to finish work more quickly
and easily [35]; (3) sometimes, I will do the wrong operation and ignore warning signs [35].

After that, the first survey of initial questions was conducted. The questionnaire
included three parts: demographic variables, study of influencing factors on miners’ risk
perception, and measurement of miners’ risk perception. Except for the basic information,
all questions were measured using the 5-point Likert scale (anchored by the level of
agreement, ranging from 1 = strongly disagree to 5 = strongly agree).

We surveyed front-line miners in the Zhaojin Gold Mine in China using paper and
online questionnaires. The random sampling method was used to select subjects from the
front-line miners. Finally, a total of 295 valid data were obtained and the valid recovery
rate was 88.6%.

2.1.2. Formal Questionnaire and Sample

After the modification and processing of the pre-questionnaire, a formal questionnaire
was produced. To reasonably and effectively explore the influencing factors, the second
survey based on formal questions was conducted using paper and online questionnaires.
A total of 362 valid questionnaires were obtained in Fankou Lead Zinc Mine in China, and
the valid recovery rate was 87.5%.

2.2. Data Analysis

Based on the data obtained from the questionnaires, exploratory factor analysis, Pear-
son correlation analysis, and confirmatory factor analysis were used to ensure the statistical
power with AMOS software, using SPSS (IBM, Armonk, New York, USA). The effects of
influencing factors on risk perception were tested using Pearson correlation analysis and
regression analysis. The mediating effects and mechanism were analyzed using SPSS. Ex-
ploratory factor analysis was used to test the structural validity of the questionnaires, and
during the analysis procedure, questionnaires needed to be amended many times to form a
meaningful structural dimension of influencing factors. The principal component analysis
method was adopted during exploratory factor analysis, for which the judgment criteria
are: interpretation of accumulated discrepancy > 50%, MSA < 0.5, and KMO. Usually, the
higher the value of KMO, the higher the correlation among variables. Confirmatory factor
analysis was mainly used to confirm the reliability of the structure of the influencing factors’
questionnaire. Reliability analysis was used to examine the stability and consistency of
the questionnaires, wherein the better the reliability and validity of the questionnaires,
the more accurate the results. The judgment criterion is Cronbach’s alpha > 0.5. Pearson
correlation analysis can measure the degree of correlation among influencing factors. If the
correlation between influencing factors and risk perception are significant, the influencing
factors may have a linear relationship with risk perception. Then, regression analysis can
be conducted to assess these relationships deeply.
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2.2.1. Dimensions of the Influencing Factor

Item analysis and Exploratory factor analysis based on pre-questionnaire

After the fundamental processing of the data, including reverse scoring, filling missing
values, etc., reliability analysis showed that the Cronbach’s alpha = 0.919 (>0.7), indicating
that the questionnaire with 43 items could be used to conduct data analysis.

Item analysis was conducted to delete the items that didn’t have a significant difference,
including t-test, Pearson correlation analysis, reliability analysis, commonality analysis,
and factor load test. If there were more than three indexes that did not reach the standard,
the item would be deleted. Thus, three items were deleted. After that, the remaining
40 items were used for reliability analysis. The Cronbach’s alpha (0.934 > 0.919) increased,
indicating that the internal consistency of the questionnaire improved, and exploratory
factor analysis could be performed.

Exploratory factor analysis was conducted to test the construction reliability of the
scale. Based on principal component analysis, 17 items were deleted. Factor 1 had 6 items
that had relatively higher factor loading (0.512–0.764), indicating that the items belonged to
the same scope. According to the concept of the initial preparation of the questionnaire,
factor 1 was named organizational safety atmosphere. Factor 2, named risk communication,
contained 4 items (factor loading: 0.629–0.826). Factor 3, named risk attitude, included
5 items (factor loading: 0.647–0.880). Factor 4, named knowledge level, covered 4 items
(factor loading: 0.639–0.764). Factor 5, named organizational trust, had 4 items (factor
loading: 0.469–0.745).

Then, the correlation test was conducted on the remaining 23 items. The result showed
that KMO = 0.9270 (>0.5), indicating that the internal consistency of the questionnaire was
favorable (Appendix A for details).

Item analysis and exploratory factor analysis based on formal questionnaire

Based on the pre-questionnaire, some items were adjusted based on experts’ opinions
on superior questionnaires. The formal questionnaire was designed with 29 items. After
the fundamental processing of the data, reliability analysis showed that the Cronbach’s
alpha = 0.812 (>0.7).

Item analysis was conducted first. According to the test scores, the high group (ranking
among the top 27%) and low group (ranking among the bottom 27%) were distinguished.
Then, the independent samples t-test, correlation test, reliability analysis, and commonality
analysis were performed to select items. A total of 8 items were deleted. The remaining
21 items were used for reliability analysis. The Cronbach’s alpha (0.900 > 0.812) increased
after deletion, indicating that the internal consistency of the questionnaire improved, and
exploratory factor analysis could be performed.

After exploratory factor analysis, five items were deleted. Four factors were analyzed
using variance interpretation analysis (See Table 1). The interpretation of accumulated
discrepancy (63.847% > 50%) was acceptable.

Factor 1 had 4 items, which had relatively higher factor loading (0.664–0.815), indicat-
ing that 4 items belonged to a unified project. These items had a closed relationship with in-
terpersonal trust. So, factor 1 was named organizational trust. As mentioned above, Factor
2, named organizational safety atmosphere, contained 5 items (factor loading: 0.557–0.784).
Factor 3, named knowledge level, included 4 items (factor loading: 0.604–0.806). Factor 4,
named risk communication, covered 3 items (factor loading: 0.612–0.782).

A total of 16 items were retained to perform the correlation test. The KMO value = 0.835
(>0.5) and the significance level of the Bartlett test = 0.000, indicating that the internal con-
sistency of the questionnaire was favorable.

Confirmatory factor analysis

In order to examine the stability and reliability of the four-factor structure, confir-
matory factor analysis was conducted using the structural equation model (SEM). The
maximum absolute value of skewness = 1.365 (<3.00) and the maximum absolute value
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of kurtosis = 1.924 (<10.00) in all items, so the survey data conformed to the normal
distribution. Therefore, the model could be used for structural equation modeling analysis.

Table 1. Exploratory factor analysis summary of miner risk cognitive factors (second survey).

Item Factor 1 Factor 2 Factor 3 Factor 4 New
Number Factor

X13 0.815 A1

Organizational trustX14 0.743 A2
X18 0.713 A3
X12 0.644 A4
X10 0.784 B1

Organizational
safety atmosphere

X8 0.778 B2
X7 0.669 B3

X11 0.606 B4
X9 0.557 B5
X4 0.806 C1

Knowledge levelX6 0.772 C2
X3 0.677 C3
X5 0.604 C4

X27 0.782 D1
Risk communicationX28 0.774 D2

X29 0.612 D3

KMO test 0.835

Bartlett test 0.000

In order to test reliability and validity, a four-factor model was established with
organizational trust, organizational safety atmosphere, knowledge level, and risk commu-
nication as potential variables (see Figure 1). After modifying the model, the chi-square
value (CMIN) = 102.344 and the significant value of p = 0.216 (>0.05), which showed that
the model had acceptable fitness (see Table 2). As for CMIN/DF = 1.112, GFI = 0.932,
AGFI = 0.901 > 0.9, RMR = 0.035 (close to 0), RMSEA = 0.026 (<0.05), and CFI = 0.992 (close
to 1), the data met the basic requirements and the SEM model was improved.

Table 2. Assumed model-fitting indicators of influential factors of miners’ risk perception.

Fitting
Indicators CMIN χ2 DF CMIN χ2/DF p GIF AGFI RMR RMSEA CFI

Standard <2 >0.05 >0.9 >0.9 <0.05 <0.05 >0.9
Result 102.344 92 1.112 0.216 0.932 0.901 0.035 0.026 0.992

2.2.2. Dimensions of Risk Perception

The risk perception measurement scale was designed with 15 items from three aspects:
human risk, environmental risk, and equipment risk. For the first survey, item analysis
was conducted. After performing a t-test, Pearson correlation analysis, reliability analysis,
commonality analysis, and factor load test, one item was deleted. The remaining 14 items
were used for reliability analysis. The Cronbach’s alpha = 0.872 > 0.8, indicating that the
reliability is favorable.

During the second survey, item analysis was used to check the validity of the items and
ensure the consistency of the scale representation. The results of the item analysis show that
all items met the criteria and the t-tests were all verified. The Cronbach’s alpha = 0.843 > 0.8,
which showed that the consistency of the scale was acceptable for subsequent analysis
(Appendix B for details).
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Figure 1. Data results of the modified model of risk perception influencing factors.

3. Results
3.1. Relationship between Demographic Variables and Risk Perception

The influence of age, educational level, and working years on risk perception were
analyzed using the independent samples t-test and one-way analysis. The results are
as follows: The values of age (F = 1.55, p = 0.187 > 0.05) didn’t reach a significant level,
indicating that there was no significant difference in risk perception with different ages.
Working years (F = 0.151, p = 0.929 > 0.05) was the same. The variance of educational levels
(F = 4.404, p = 0.002 < 0.05) reached a significant level. So, there was a significant difference
in risk perception for the various educational levels among miners.

3.2. Correlation between Influencing Factors and Risk Perception

Pearson correlation analysis was used to explore the relationships among the four
explanatory variables, as well as the relationships between the explanatory variables and the
dependent variable (miners’ risk perception). As shown in Table 3, there was a significant
positive correlation in statistical significance. Organizational trust, organizational safety
atmosphere, knowledge level, and risk communication all had a positive relationship with
miners’ risk perception.
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Table 3. Correlation between miners’ risk perception level and influencing factors (n = 362).

Organizational
Trust

Organizational
Safety

Atmosphere

Knowledge
Level

Risk
Communication

Influencing
Factors

Risk
Perception

Organizational trust 1

Organizational safety
atmosphere 0.677 ** 1

Knowledge level 0.337 ** 0.469 ** 1

Risk communication 0.545 ** 0.549 ** 0.408 ** 1

Influencing factors 0.835 ** 0.881 ** 0.668 ** 0.764 ** 1

Risk perception 0.245 ** 0.363 ** 0.545 ** 0.474 ** 0.491 ** 1
** At the 0.01 level (two tailed), the correlation is significant.

3.3. Effect of Single Influencing Factors on Risk Perception

A simple linear regression analysis was performed to verify the predictive effect
on miners’ risk perception, with organizational trust, organizational safety atmosphere,
knowledge level, and risk communication as independent variables, and miners’ risk
perception as the dependent variable.

As shown in Table 4, organizational trust, organizational safety atmosphere, knowl-
edge level, and risk communication all had a positive predictive role in miners’ risk perception.

Table 4. Summary table of regression analysis model coefficients at various levels of influencing factors.

Independent Variable R R2 ∆R2 B Betaβ t Significance p

Organizational trust
quantity 0.245 0.060 0.057 48.880 24.353 0.000

coefficient 0.622 0.245 4.693 0.000

Organizational safety
atmosphere

quantity 0.363 0.131 0.129 40.485 16.387 0.000

coefficient 0.844 0.363 7.225 0.000

Knowledge level
quantity 0.545 0.297 0.295 28.470 11.465 0.000

coefficient 1.787 0.545 12.063 0.000

Risk communication
quantity 0.474 0.224 0.222 38.894 19.830 0.000

coefficient 1.624 0.474 9.986 0.000

3.4. Effect of Multiple Influencing Factors on Risk Perception

Based on stepwise analysis, regression analysis was performed to explore the rela-
tionships between independent variables and dependent variables, with organizational
trust, organizational safety atmosphere, knowledge level, and risk communication as
independent variables, and miners’ risk perception as the dependent variable.

The results show that the significance coefficient of organizational trust and organi-
zational safety atmosphere didn’t reach a significant level, so these two variables were
excluded from the regression model. As shown in Table 5, only knowledge level and
risk communication had a significant predictive power for miners’ risk perception. The
described variation of knowledge level and risk communication were 29.7% and 37.2%,
respectively. From the perspective of standardized regression coefficients, knowledge level
and risk communication both had a significant positive effect on miners’ risk perception.
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Table 5. Summary of coefficients of regression analysis model for multiple influence factors (stepwise
analysis method).

Model Test Order R R2 ∆R2 B Betaβ t
Significance

p
Collinearity Statistics

Allowed Value VIF

Intercept 22.947 9.177 0.000

1 Knowledge level 0.545 a 0.297 0.295 1.383 0.422 9.012 0.000 0.833 1.200

2 Risk
communication 0.610 b 0.372 0.369 1.034 0.301 6.444 0.000 0.833 1.200

Note: a. Predictor variable: (quantity), knowledge level; b. predictor variable: (quantity), knowledge level, risk
communication.

3.5. Mediating Effects of Influencing Factors on Risk Perception
3.5.1. Preliminary Model of Effect Path Analysis

Based on the results of simple linear regression and multiple regression analyses, and
according to the mediator examining method [37], risk communication and knowledge
level may be viewed as intermediate variables to explore the influencing mechanisms
between the four influencing factors and miners’ risk perception. Model 1 (see Figure 2)
was constructed, with knowledge level and risk communication as intermediate variables
and miners’ risk perception as the dependent variable.

1 

Figure 2. Model 1 of mediation effect path. 
Figure 2. Model 1 of mediation effect path.

Then, a multiple-chain mediation analysis was conducted to verify model 1 of the
mediation effect path. As Table 6 shows, the path from organizational safety atmosphere to
knowledge level was not significant. So, it was deleted and model 2 was constructed.

Table 6. Model 1 of path indicators.

Path Unstandardized
Coefficient

Standardized
Coefficient S.E. C.R. p

Organizational trust Risk communication 0.626 0.559 0.105 5.985 ***
Organizational safety atmosphere

Risk communication 0.297 0.379 0.067 4.460 ***

Organizational trust Knowledge level 0.767 0.623 0.064 12.045 ***
Organizational safety atmosphere

Knowledge level 0.149 0.173 0.079 1.883 0.060

Risk communication Risk perception 0.138 0.234 0.036 3.862 ***
Knowledge level Risk perception 0.349 0.649 0.056 6.276 ***

Note: S.E.: Standard errors; C.R.: Critical values of the ratio; p = *** means the results are significant at 0.001
alpha level.

3.5.2. Final Model of Effect Path Analysis

Model 2 of the mediation effect path was constructed by Amos24.0 (IBM, Armonk,
New York, USA) (see Figure 3). The structural equation model analysis was used to verify
the influencing mechanism of model 2 and the fitting indexes are shown in Tables 7 and 8.
The chi-square degree of the freedom ratio, approximate root mean square error, GIF, AGIF,
CFI, RMR, RMSE, and other indicators all meet relevant requirements and model 2 fits well.
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Table 7. Fitting indicators of model 2.

Fitting
Index CMIN DF CMIN/DF χ2 p GIF AGFI RMR RMSEA CFI

Standard <2 >0.05 >0.9 >0.9 <0.05 <0.05 >0.9
Result 511.014 377 1.731 0.153 0.92 0.878 0.032 0.047 0.924

Table 8. Path indicators of model 2.

Path Unstandardized
Coefficient

Standardized
Coefficient S.E. C.R. p

Organizational trust Risk
communication 0.587 0.525 0.103 5.684 ***

Organizational safety atmosphere
Risk communication 0.309 0.392 0.068 4.575 ***

Organizational trust Knowledge level 0.778 0.611 0.059 13.102 ***
Risk communication Risk perception 0.140 0.234 0.036 3.888 ***

Knowledge level Risk perception 0.348 0.660 0.056 6.251 ***
Note: S.E.: Standard errors; C.R.: Critical values of the ratio; p = *** means the results are significant at 0.001
alpha level.

4. Discussion

Firstly, in contrast with previous studies on risk perception of the public [10,38,39],
the impact of age and working years on miners’ risk perception is not obvious. With an
increase in age and working years, people will gain a deeper and broader understanding of
health, which may change people’s health-risk perception. However, for miners, the type
and content of the work is fixed. With age and working years increased, the experience
obtained at work is finite, so age and working years have little influence on miners’ risk
perception. Educational level largely influences miners’ risk perception, which was also
found in a study conducted in Hong Kong [17]. A higher educational level indicates greater
knowledge, which may contribute a more comprehensive and scientific understanding of
risk. So, it is effective to develop miners’ educational level to improve their risk perception.

Secondly, the level of knowledge has a significant impact on individual risk perception,
which is consistent with Olapegba’s conclusion [15]. Another study found that, because of
the different levels of nuclear power knowledge, the public’s risk perception is different
from that of experts [40]. Relevant knowledge has a direct impact on miners’ ability to deal
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with risk at work. The richer and more comprehensive the knowledge, the more accurate
the miners’ perception of risk. Effective training for workers improves their capacity
for risk perception [41,42]. Thus, complete in-service safety training is necessary to help
miners have a comprehensive understanding of risk management, regulations, and safety
regulations for operation.

Additionally, risk communication has a significant positive impact on miners’ risk
perception, which is consistent with the public risk perception of flood risks [31]. Liu et al.
concluded that risk communication has an obvious influence on the public’s risk perception
of SARS [37,43]. Risk communication can enhance individuals’ understanding of risks,
which helps them establish an appropriate perception of risks [32]. For miners working
in a relatively complex environment, effective risk communication can help to avoid the
occurrence of unsafe behavior. In addition to organizational files and other kinds of docu-
ments issued, risk information can be mainly obtained through risk communication, which
can strengthen miners’ capacity for risk perception. The approaches of risk communication
should be improved to form a virtuous communication cycle.

Moreover, the impact of organizational trust on miners’ risk perception was inter-
mediated by knowledge level and risk communication. By researching risk perception,
Zeng and Xv et al. verified that the public’s trust of source information can affect their
risk perception [44]. Others’ studies also confirmed that trust in different areas, such as
technology, management, and disaster all have a positive impact on individuals’ risk per-
ception [45–48]. On the one hand, for miners, if the source, fairness, and scientificity of
risk information can be trusted during risk communication, it can be more conducive to
maintaining effective risk communication. On the other hand, trust in the training system
and related policies is beneficial to miners’ accumulation of risk knowledge. So, managers
should take steps to facilitate miners’ organizational trust on daily basis.

Finally, a proper safety atmosphere increases employees’ safety needs [49], and more
safety needs require more effective risk communication. A previous study on airport
security showed that the promotion of an ideal safety atmosphere is beneficial to members’
communication in a group [50]. Therefore, it is necessary to create a favorable organizational
safety atmosphere to promote risk communication, which can subsequently improve
miners’ risk perception.

The model and questionnaire formed for this research have the advantages of clear
structure and high reliability. The results can offer support to research related to risk
perception of miners, and provide a reference of empirical analysis for further study. The
risk perception model we designed has important implications for safety management
in companies. First, it is necessary for companies to improve workers’ organizational
trust, thereby increasing credibility. Organizational trust is the beginning of the mediation
path, which has an impact on workers’ motivation to learn and maintain communication.
Only by assuring the organizational trust of workers can safety at work be guaranteed.
Second, establishing the importance of safety through training, appropriate rewards, and
punishment systems or propaganda can optimize the organizational safety atmosphere,
which has a positive impact on workers’ safety attitudes and ability to avoid risk behaviors.
Third, the frequent training of safety knowledge at work is necessary. Training helps
workers understand safe operation rules, treatment and response to risk events, safeguards,
etc. It helps workers improve their perception of accidents and enhance their capacity for
early warning. Finally, it is important to increase risk information credibility by perfecting
the methods of risk communication. The risk information workers receive is mostly external,
so risk communication can’t be properly judged.

This research has some limitations. The survey in this study was only conducted in two
mining companies, and the establishment of the questionnaire mainly drew information
from other industries. So, to some extent, the results have limitations in representing
miners in general. This study only focused on individual and organizational factors, but
there are some additional factors that also have an impact on individuals’ risk perception,
such as social and mental factors. In addition, this study only surveyed miners to explore
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influencing factors of risk perception and the results may be different in other careers.
Further studies should conduct a more extensive and reasonable survey to improve the
content of the questionnaire. For example, the questionnaire can contain more factors and
the participants can be diversified, such as with different careers or different strata. Then,
more advanced methods, such as cognitive neuroscience and brain imaging techniques, can
be used to study individuals’ risk perception. A previous study has proven that different
kinds of risks can cause different behavior in the brain [51]. Zhang et al. have already
proposed the concept of safety-related psychological phenomena [52]. It is important to
study how the brain behaves when people recognize risks, and to note the differences of
brain activity among people who have different levels of risk perception.

5. Conclusions

Our results verify the impact of four factors affecting miners’ risk perception, namely:
organizational safety atmosphere, organizational trust, knowledge level, and risk commu-
nication. Knowledge level (β = 0.422) and risk communication (β = 0.301) had a significant,
positive direct effect on miners’ risk perception. Organizational trust has a positive indirect
impact on miners’ risk perception intermediated by knowledge level and risk communi-
cation. Organizational safety atmosphere has a positive indirect impact on miners’ risk
perception intermediated by risk communication.
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Appendix A

Table A1. Items of formal questionnaire for influencing factors.

Types Items Topics

Organizational trust

A1 The information communication among different jobs is
timely and effective.

A2 The intensity of work arranged by the company complies
with the requirements of laws and regulations.

A3 The company fairly and reasonably rewards safe work and
punishes risky work.

A4 The risk of my job is commensurate with the payment.

Organizational safety
atmosphere

B1 The company regularly evaluates the safety performance of
its subordinate units.

B2 The company has large number of safety production
bulletin boards, billboards, banners and so on.

B2 The company has large number of safety production
bulletin boards, billboards, banners and so on.
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Table A1. Cont.

Types Items Topics

B2 The company has large number of safety production
bulletin boards, billboards, banners and so on.

B3 The company regularly evaluates and assesses personal
safety performance.

B4 The workplace has qualified safety warning signs and risk
warning signs.

B5 The company regularly organizes emergency rescue drills to
improve the level of risk management of employees.

Knowledge level

C1 I understand the types of accidents often occurring in mines.

C2 I know which workplaces are accident-prone.

C3 I attend mine safety training many times every year.

C4 I know what behaviors are unsafe and what are
three “violations”.

Risk communication

D1 I am able to communicate risk information with my
superiors and subordinates smoothly.

D2
Colleagues can communicate the incident information

frankly, the incident information of the company’s internal
is transparent.

D3
Employees have opportunities to participate in accident
investigation, understand the details of the accident and

give different opinions.

Appendix B

Table A2. Items of formal questionnaire for risk perception.

Types of Risk Items Topic

Human risk

1 I am familiar with the possible risks of not wearing or improperly wearing labor insurance
products at work.

2 I understand the possible consequences and severity of my illegal operation or unsafe behavior.

3 I can recognize the risks of continuing to work when I’m not in the right state of mind or body.

4 I understand the consequences of accidents such as sudden roof collapse
and cannon smoke poisoning.

5 I usually find out the risks and inform my co-workers when they are operating illegally or
engaging in unsafe behaviors.

6 When leaders assign risky tasks, I usually don’t realize how likely a risky accident is.

7 When I encounter violations at work, I am usually aware of the possible consequences and
seriousness of the operation.

8 As for the risk control measures for this position informed by the enterprise, I am not aware of
the severity of accidents that may result from the violation of such measures.

Environmental risk

9 When entering the production site, I can usually identify abnormal working conditions such as
broken roof, unstable slope, poor lighting and insufficient ventilation.

10 I understand the accidents would occur if no action is taken to address environmental anomalies.

11 I am familiar with the risks in labeled hazardous sites.

Equipment risk

12 In general, I am not aware of the risk of equipment failure.

13 I seldom realize that the tools I need for my work are incomplete or defective.

14 I am aware of the risks associated with violating the operating rules of the machine or equipment.



Int. J. Environ. Res. Public Health 2022, 19, 3817 13 of 14

References
1. Li, S.; Xiao, L. Statistical Analysis of Domestic Production safety Accidents from November to December 2021. J. Saf. Environ.

2022, 22, 538–540. [CrossRef]
2. Lööw, J.; Nygren, M. Initiatives for increased safety in the Swedish mining industry: Studying 30 years of improved accident

rates. Saf. Sci. 2019, 117, 437–446. [CrossRef]
3. Slovic, P. Perception of risk. Science 1987, 236, 4799. [CrossRef] [PubMed]
4. Sitkin, S.B.; Amy, P.L. Reconceptualizing the Determinants of Risk Behavior. Acad. Manag. Rev. 1992, 17, 9–38. [CrossRef]
5. Amy, L.P.; Sitkin, S.B.; Jemison, D.B. Acquisition decision-making processes: The central role of risk. J. Manag. Off. J. South. Manag.

Assoc. 1996, 22, 723–746. [CrossRef]
6. Zhang, S.; Li, D.; Li, J. Analysis of influencing factors on safety risk perception of miners in metal mines. Sci. Technol. Dev. 2019,

15, 1147–1154.
7. Martínez-Fiestas, M.; Rodríguez-Garzón, I.; Delgado-Padial, A. Firefighter perception of risk: A multinational analysis. Saf. Sci.

2020, 123, 104545. [CrossRef]
8. Rittelmeyer, P. Socio-cultural perceptions of flood risk and management of a levee system: Applying the Q methodology in the

California Delta. Geoforum 2020, 111, 11–23. [CrossRef]
9. Rispler, C.; Luria, G. Employee experience and perceptions of an organizational road-safety intervention—A mixed-methods

study. Saf. Sci. 2021, 134, 105089. [CrossRef]
10. Finucane, F.F.; Madans, J.H.; Bush, T.L.; Wolf, P.H.; Kleinman, J.C. Decreased risk of stroke among postmenopausal hormone

users. Results from a national cohort. Arch. Intern. Med. 1993, 153, 73–79. [CrossRef]
11. Oltedal, H.; Wadsworth, E. Risk perception in the Norwegian shipping industry and identification of influencing factors. Marit.

Policy Manag. 2010, 37, 601–623. [CrossRef]
12. Kim, Y.; Park, I.; Kang, S. Age and gender differences in health risk perception. Central Eur. J. Public Health 2018, 26, 54–59. [CrossRef]
13. Tan, R.K.J.; Kaur, N.; Chen, M.I.-C.; Wong, C.S. Individual, interpersonal, and situational factors influencing HIV and other STI

risk perception among gay, bisexual, and other men who have sex with men: A qualitative study. AIDS Care Psychol. Socio-Med.
Asp. AID/HIV 2020, 32, 1538–1543. [CrossRef]

14. Lai, J.C.-L.; Tao, J. Perception of Environmental Hazards in Hong Kong Chinese. Risk Anal. 2003, 23, 669–684. [CrossRef] [PubMed]
15. Olapegba, P.O.; Iorfa, S.K.; Kolawole, S.O.; Oguntayo, R.; Gandi, J.C.; Ottu, I.F.A.; Ayandele, O. Survey data of COVID-19-related

Knowledge, Risk Perceptions and Precautionary Behavior among Nigerians. Data Brief 2020, 30, 105685. [CrossRef] [PubMed]
16. Flynn, J.; Slovic, P.; Mertz, C.K. Gender, Race, and Perception of Environmental Health Risks. Risk Anal. Off. Publ. Soc. Risk Anal.

1994, 14, 1101–1108. [CrossRef]
17. Majid, U.; Wasim, A.; Bakshi, S.; Truong, J. Knowledge, (mis-)conceptions, risk perception, and behavior change during pandemics:

A scoping review of 149 studies. Public Underst. Sci. 2020, 29, 777–799. [CrossRef]
18. Ha, T.M.; Shakur, S.; Do, K.H.P. Linkages among food safety risk perception, trust and information: Evidence from Hanoi

consumers. Food Control 2020, 110. [CrossRef]
19. Faour-Klingbeil, D.; Osaili, T.M.; Al-Nabulsi, A.A.; Jemni, M. The public perception of food and non-food related risks of infection

and trust in the risk communication during COVID-19 crisis: A study on selected countries from the Arab region. Food Control
2021, 121. [CrossRef]

20. McGinley, S.P. Shifting patterns: How satisfaction alters career change intentions. Int. J. Hosp. Manag. 2018, 74, 202–213. [CrossRef]
21. Li, Y. Study on Occupational Risk Cognition Status and Protection Demand of Medical Staff in a Grade A Hospital in Shandong

Province. Master’s Thesis, Shandong University, Shandong, China, 2021.
22. Werner, S. Nursing risk management in nursing facilities: Recognizing hazards—Minimizing risks. Pflegezeitschrift 2010, 63,

460–463. [PubMed]
23. Chang, H.; Wu, L.; Yue, X.; Yang, Y. Comparison of cognition of medical risk among practicing nursing students of different

nationalities study on its influencing factors. J. Nurs. 2015, 22, 25–28. [CrossRef]
24. Riddel, M. Comparing risk preferences over financial and environmental lotteries. J. Risk Uncertain. 2012, 45, 135–157. [CrossRef]
25. You, M.; Lim, J.; Shim, M.; Ju, Y. Outrage effects on food risk perception as moderated by risk attitude. J. Risk Res. 2019, 22,

1522–1531. [CrossRef]
26. Mearns, K.; Flin, R.; Gordon, R.; Fleming, M. Human and organizational factors in offshore safety. Work Stress 2001, 15,

144–160. [CrossRef]
27. Pandit, B.; Albert, A.; Patil, Y.; Al-Bayati, A.J. Impact of safety climate on hazard recognition and safety risk perception. Saf. Sci.

2018, 113, 44–53. [CrossRef]
28. Ordoñez, M.U.; Bustamante, M.A.; Campos, R.M. Factors of leadership in the gold rush in the south region of the ecuador. Inf.

Tecnológica 2017, 28, 147–156. [CrossRef]
29. Weyman, A.K.; Kelly, C.J. Risk Perception and Risk Communication: A Review of Literature; Health and Safety Executive: London, UK, 1999.
30. Covello, A.; Coraggio, L.; Gargano, A.; Itaco, N. Realistic low-momentum effective interactions and nuclear structure near double

closed shells. J. Physics: Conf. Ser. 2010, 205. [CrossRef]
31. Bodoque, J.M.; Díez-Herrero, A.; Amerigo, M.; García, J.A.; Olcina, J. Enhancing flash flood risk perception and awareness of

mitigation actions through risk communication: A pre-post survey design. J. Hydrol. 2018, 568, 769–779. [CrossRef]
32. Xie, X.; Zheng, R. Risk Communication and Public Rationality. Adv. Psychol. Sci. 2003, 11, 375–381.

http://doi.org/10.13637/j.issn.1009-6094.2022.0208
http://doi.org/10.1016/j.ssci.2019.04.043
http://doi.org/10.1126/science.3563507
http://www.ncbi.nlm.nih.gov/pubmed/3563507
http://doi.org/10.5465/amr.1992.4279564
http://doi.org/10.1016/S0149-2063(96)90020-3
http://doi.org/10.1016/j.ssci.2019.104545
http://doi.org/10.1016/j.geoforum.2020.02.022
http://doi.org/10.1016/j.ssci.2020.105089
http://doi.org/10.1001/archinte.1993.00410010097008
http://doi.org/10.1080/03088839.2010.514954
http://doi.org/10.21101/cejph.a4920
http://doi.org/10.1080/09540121.2020.1734176
http://doi.org/10.1111/1539-6924.00346
http://www.ncbi.nlm.nih.gov/pubmed/12926561
http://doi.org/10.1016/j.dib.2020.105685
http://www.ncbi.nlm.nih.gov/pubmed/32391411
http://doi.org/10.1111/j.1539-6924.1994.tb00082.x
http://doi.org/10.1177/0963662520963365
http://doi.org/10.1016/j.foodcont.2019.106965
http://doi.org/10.1016/j.foodcont.2020.107617
http://doi.org/10.1016/j.ijhm.2018.05.003
http://www.ncbi.nlm.nih.gov/pubmed/20812546
http://doi.org/10.16460/j.issn1008-9969.2015.02.025
http://doi.org/10.1007/s11166-012-9149-1
http://doi.org/10.1080/13669877.2018.1501591
http://doi.org/10.1080/026783701102678370110066616
http://doi.org/10.1016/j.ssci.2018.11.020
http://doi.org/10.4067/S0718-07642017000300016
http://doi.org/10.1088/1742-6596/205/1/012004
http://doi.org/10.1016/j.jhydrol.2018.11.007


Int. J. Environ. Res. Public Health 2022, 19, 3817 14 of 14

33. Walpole, H.D.; Wilson, R.S. Extending a broadly applicable measure of risk perception: The case for susceptibility. J. Risk Res.
2020, 24, 135–147. [CrossRef]

34. Xv, Q. Study on the Gas Accident Risk Perception of Urban Residents. Master’s Thesis, Capital University of Economics and
Business, Beijing, China, 2017.

35. Han, X. Study on the Influence of Risk Preference on Unsafe Behaviors of Miners. Master’s Thesis, Xi’an University of Science
and Technology, Xi’an, China, 2014.

36. Kang, K. A Study on Risk Perception and Its Influencing Factors of Grassroots Administrative Law Enforcement Civil Servants in
Shanghai. Master’s Thesis, East China Normal University, Shanghai, China, 2017.

37. Baron, R.M.; Kenny, D.A. The moderator–mediator variable distinction in social psychological research: Conceptual, strategic,
and statistical considerations. J. Pers. Soc. Psychol. 1986, 51, 1173–1182. [CrossRef] [PubMed]

38. Xie, X.; Xv, L. Public bias in risk perception. Adv. Psychol. Sci. 1996, 2, 23–26.
39. Zaccheaus, O.O. Age, Experience and Risk Perception of Commercial Bus Drivers in Osun State. Stud. Sociol. Sci. 2015, 6. [CrossRef]
40. Shi, Z.; Zhang, Z.; Xue, L. Nuclear energy risk acceptance study. Nucl. Sci. Eng. 2002, 3, 193–198.
41. Fan, D.; Cao, K. The influence of Drivers’ risk perception ability on traffic safety. China Saf. Sci. J. 2010, 20, 30–35. [CrossRef]
42. Chen, S.; Chen, Y.; Wang, J.; Li, Z. Study on risk cognition ability of Beret crane hoisting operator of Three Gorges Ship lift. China

Saf. Sci. J. 2016, 26, 22–27. [CrossRef]
43. Bu, Y. Discourse competition in nimby risk Communication field and its implications for conflict resolution. J. China Univ. Geosci.

2018, 18, 104–112. [CrossRef]
44. Zeng, X.; Xv, Z.; Yu, H. PM (2.5) health risk perception based on information source trust. China Environ. Sci. 2015, 35, 3157–3165.
45. Shen, H.; Sun, X.; Su, J. Scientific and technological trust, managerial trust and their impact on public perception of flood risk: A

social survey in the middle and lower Reaches of the Yangtze River. Sci. Disaster 2012, 27, 87–93.
46. Su, J.; Liu, N.; Lin, X. Regional comparison of social trust in disaster reduction capacity and flood risk perception: Based on public

survey in Jiujiang and Yichun of Jiangxi Province. Resour. Environ. Yangtze Basin 2009, 18, 92–96.
47. Zhang, M.; Su, J.; Zhong, J. Regional trust in disaster reduction capacity and public perception of flood risk: Based on social

survey and analysis. Sci. Disaster 2008, 4, 70–75.
48. Feng, L. Public Perception of the Risks of Genetically Modified Foods. Master’s Thesis, Huazhong Agricultural University, Hubei,

China, 2013.
49. Botheju, D.; Abeysinghe, K. Public risk perception towards chemical process industry: Comprehension and response planning.

Safety and Reliability: Methodology and Applications. In Proceedings of the European Safety and Reliability Conference, Zürich,
Switzerland, 7–10 September 2015; pp. 453–460.

50. Savadori, L.; Savio, S.; Nicotra, E.; Rumiati, R.; Finucane, M.; Slovic, P. Expert and Public Perception of Risk from Biotechnology.
Risk Anal. 2004, 24, 1289–1299. [CrossRef]

51. Qin, J.; Han, S. Neurocognitive mechanisms underlying identification of environmental risks. Neuropsychologia 2009, 47, 397–405.
[CrossRef] [PubMed]

52. Zhang, S.; Huang, Y.; Shi, X. Background and foundation analysis of construction of neuro-safety science. China Saf. Sci. J. 2021,
31, 98–105. [CrossRef]

http://doi.org/10.1080/13669877.2020.1749874
http://doi.org/10.1037/0022-3514.51.6.1173
http://www.ncbi.nlm.nih.gov/pubmed/3806354
http://doi.org/10.3968/6295
http://doi.org/10.16265/j.cnki.issn1003-3033.2010.11.004
http://doi.org/10.16265/j.cnki.issn1003-3033.2016.01.004
http://doi.org/10.16493/j.cnki.42-1627/c.2018.05.010
http://doi.org/10.1111/j.0272-4332.2004.00526.x
http://doi.org/10.1016/j.neuropsychologia.2008.09.010
http://www.ncbi.nlm.nih.gov/pubmed/18845172
http://doi.org/10.16265/j.cnki.issn10033033.2021.05.015

	Introduction 
	Individual Factors 
	Organizational Factors 
	All Influencing Factors of Risk Perception 

	Materials and Methods 
	Questionnaire and Sample 
	Pre-Questionnaire and Sample 
	Formal Questionnaire and Sample 

	Data Analysis 
	Dimensions of the Influencing Factor 
	Dimensions of Risk Perception 


	Results 
	Relationship between Demographic Variables and Risk Perception 
	Correlation between Influencing Factors and Risk Perception 
	Effect of Single Influencing Factors on Risk Perception 
	Effect of Multiple Influencing Factors on Risk Perception 
	Mediating Effects of Influencing Factors on Risk Perception 
	Preliminary Model of Effect Path Analysis 
	Final Model of Effect Path Analysis 


	Discussion 
	Conclusions 
	Appendix A
	Appendix B
	References

