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With China's economic and social development entering a new era, the improvement of miners' living standards and safety production conditions in coal mine are bound to have a new impact on the safety needs of miners. In order to explore the structural changes of miners' safety demands in the new era, this research adopts the second-order confirmatory factor analysis method to investigate miners from six coal mining enterprises based on Koffka's cognitive psychology theory. Firstly, according to the interaction between the behavioral environment and the self-regulation of coal miners, six potential variables affecting miners' safety psychology, such as material satisfaction, non-skill internal causes, professionalism, emotional attribution, safety atmosphere, and organizational management, are selected. Then, each potential variable is subdivided into 3 observation variables, for a total of 18 observation variables, and a 3-tier comprehensive structural model of miners' safety psychology is constructed that takes into account both evaluation and path integration. The results showed that, affected by the interaction of various potential variables, the degree and intensity of the influence of each factor on miners' safety psychology were different. Among them, emotional attribution was the most significant factor affecting miners' safety psychology, while the influence of organizational management was slightly less important than emotional attribution. Organizational management had a positive impact on material satisfaction and non-skill internal factors. Occupational literacy, material satisfaction, and safety atmosphere had strong impacts on miners' safety psychology. But the impact of non-skill factors on miners' safety psychology was lower than other factors, which is different to previous studies on this aspect.
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INTRODUCTION

China is currently the world's largest coal producer and consumer, with coal consumption accounting for 60.4% of total energy consumption and coal resources accounting for 95% of total fossil energy in China (1, 2). China's natural resource endowment of “rich coal, poor oil, and less gas” ensures that coal will remain an important strategic resource in China for a long time to come, which also means that the safety production of coal mines and miners' safety psychological problems will be concerns for a long time. With China's economic and social development entering a new era, the main social contradictions have been transformed into the contradiction between people's growing need for a better life and unbalanced and inadequate development. This means that in the context of the new era, with the improvements in people's living standards and in coal mine safety production conditions, the working environment and demand structure of coal miners have changed, and the influencing factors and the role of factors in past research on miners' safety psychology will also change quietly with the changes in environment and conditions. The uncertainty in miners' safety psychological factors will gradually become more prominent. So then, how will the factors affecting the safety psychology of coal miners change? What factors will continue to play a role? To what extent will they play a role? Are there interactions among these factors? Are there new factors? What are the new requirements for the safety production management of coal mines? This paper, based on the current needs of the coal industry in China, conducts a comprehensive psychological evaluation of coal miners' safety from the perspective of cognitive psychology, relying on K. Koffka's cognitive psychology theory, on the basis of a literature review and according to the interaction of the behavioral environment and self-regulation of coal miners in the new era. Six potential variables affecting miners' safety psychology—material satisfaction, non-skill internal causes, occupational literacy, emotional attribution, safety atmosphere, and organizational management—are selected. Each potential variable is subdivided into 3 observation variables, a comprehensive evaluation system for miners' safety psychology with a 3-layered structure is constructed, and its structure is analyzed using 18 observation variables. The second-order confirmatory factor analysis method is used to construct a comprehensive structural model of miners' safety psychology that takes into account both evaluation and path integration. The relationships and interactions among the factors are comprehensively analyzed, and various derivative factors and structural characteristics affecting miners' safety psychology in the new era are explored.

The significance of this study is to clearly grasp the key factors affecting the safety psychology of miners, and then to clarify the effect degree and mutual relationship between the key factors. According to the psychological needs of miners and the mutual relationship between the factors, the managers of coal mine enterprises can adjust the management mode and incentive mode in time, and provide more targeted safety services for miner to prevent the occurrence of safety accidents, which can effectively guarantee the physical and mental safety of miners and the safety of coal mine production.



LITERATURE REVIEW AND MODEL CONSTRUCTION

Cognitive psychology holds that the core of human psychology and behavior is cognitive problems (3, 4). Human behavior depends on the interaction between their behavioral environment and self-regulation (2). Individual behavior is not an isolated and simple response to external stimuli, but is made through the integration of psychophysical fields including environment and self, especially cognitive activities (3). Behavior occurs through the behavioral environment (5). Self is a personality system closely related to psychological activities, such as needs, hopes, cognition, emotions, and attitudes (6). Specifically for coal miners, their safety psychology is based on the interaction of the behavioral environment and self-cognition. Therefore, the premise and foundation of accurately measuring and quantifying miners' safety psychology is to clarify the influencing conditions and key factors affecting miners' safety psychology. Based on the literature review and starting from the environment and self-regulation of the coal mining industry in the new era, we summarize six potential variables affecting miners' safety psychology including material satisfaction, non-skill internal causes, professionalism, emotional attribution, safety atmosphere, and organizational management. These factors are brought about by the improvement of production conditions and living conditions. Among them, material satisfaction, non-skill internal causes, professionalism, and emotional attribution brought about by the improvement of production conditions and living conditions are self-regulating variables, while safety atmosphere and organizational management are important environmental variables.


Material Satisfaction

Family economic environment and material security are important factors affecting people's choice of the miner occupation (7). Firstly, the important reason why people choose the miner occupation is their need for social survival. Salary and welfare are the primary motives of miners' work. The effective satisfaction of salary and welfare will generate direct power for the safe and stable operation of miners. In addition, equipment conditions are “hard conditions” that affect miners' safety psychology. From the reports on various major accidents, we can understand that the imperfect or unreasonable operation of equipment will bring about hidden dangers in coal mines. Relevant studies show that the level of mechanization of coal mining has the greatest impact on the number of deaths in coal mine accidents (8, 9).



Non-skill Internal Causes

Non-skill internal causes are such factors as the physiological functions, self-efficacy, and emotional regulation that coal miners are born with and can be regulated through acquired training. Studies found that the poor mental state of miners is an important factor leading to their unsafe behavior (7, 10–13). Human physiological activities are affected by many factors. The health status and mental state of coal industry practitioners will affect their decision-making and actions, resulting in illegal commands and operations, thus leading to safety accidents. In addition, self-efficacy is a subjective assessment of a person's ability to complete certain aspects of his/her work. Self-efficacy influences individual behavior through emotions, awareness, and attitude, and then influences safety behavior through safety awareness, risk perception, and safety attitude. Emotions also have an important impact on the safety of miners. The mechanism of emotional fluctuations causing work errors is as follows: Abnormal emotions will interfere with the brain's information input-processing-response output process, so as to reduce the reliability of work and even lead to mistakes. Emotions have a positive regulatory effect on the relationship between safety self-efficacy and safety awareness (3, 6, 14, 15). Impetuous, flirtatious, unresponsive, and indifferent attitudes caused by negative emotions easily lead to idleness, misjudgment, illegal operations, etc.



Professionalism

Professional is the normative operational ability and behavior performance of coal miners in operational activities, including professional awareness, responsibility consciousness, safety operational ability, etc. (16, 17). Miners' professional awareness affects their professional accomplishment. Due to the limitations of certain historical conditions, uneven professional awareness by miners will inevitably be reflected in their standard operational ability. The level of miners' ability is related to the quality of equipment operation and the frequency of safety accidents. At the same time, the sense of responsibility has an important influence on the safety psychology of miners. Responsibility consciousness is manifested in the responsibility for oneself and one's surrounding environment, and the choice to maximize benefits. Out of concern for their own safety, miners are prone to have a “morning well” mentality of early safety in the morning. They pursue the working methods of saving labor, reducing time, and avoiding heavy work. Moreover, miners' safety knowledge, consciousness, and habits may lead to improper safety operation, negligence, and numbness, which directly or indirectly affect the safety of coal mine production (10–13, 18).



Emotional Attribution

The emotional attribution, also known as the sense of belonging or the perception of affiliation, refers to an internal relationship between an individual and their subordinate group. It is the psychological expression of a certain individual's delimitation, identification, and maintenance of a special group and their subordinate relationship (7). First, a group relationship is manifested as the activity and identity of individuals in group interactions. Group dynamics theory (19) points out that group members all want to be accepted by other members of the group, and the pressure of disagreement will lead to the opposite behavior by group members against their own wishes. Due to the limitation of shift scheduling and working hours, communication among miners is conducive to alleviating mental and physical pressures. Group value orientation and behavior choice also make miners' safety psychology fluctuate. Secondly, family relationships are the main relationships among miners. Long-term separation or loneliness will lead to loneliness and dependence for miners, which will affect their psychological mood and safety psychology. Finally, the social support obtained by miners is positively correlated with their mental status (20). Coal miners' low social status, lack of due respect socially, and low sense of professional identity result in discontent and retaliation, leading to dangerous behavior (21).



Organizational Management

Behavioral norms, information exchange, and penalties in organizational management are the most obvious responses to the safety operation of miners (7). To a certain extent, the management's awareness of safety determines the safety quality of employees in coal mine enterprises. The loopholes in the management process mainly lie in the lack of formulation or improvement of operation rules or the lack of attention to operation rules and the implementation degree. At the same time, the timeliness and reality of information flow have a direct impact on employee safety participation behavior. In addition, there is a significant negative correlation between violation penalties and unsafe behavioral intentions and behaviors (22). The rewarding or punitive incentives imposed by mining enterprises on their employees will have a direct and significant impact on their safety compliance behavior (23). That is to say, reasonable formulation of various management mechanisms and reward and punishment systems for violations of regulations and penalties is conducive to improving the behavioral norms of the mining industry.



Safety Atmosphere

A safety atmosphere is embodied in coal miners' understanding and internalization of safety policy, accident experience, and organizational behavior (7, 24, 25). First of all, a country's overall environmental and safety policy guidance will have a great impact on coal mine safety production. With states attaching importance to the safety work of the coal mine industry, safety investment has been continuously improved, and the overall safety situation of the coal mine industry has gradually improved. Secondly, a series of physiological, emotional, cognitive, and behavioral stress reactions (26) will occur after a period of personal psychological influence, paying attention to coal mine safety accidents, or personal experience. Miners' normal working ability will be disturbed, which will increase the probability of misoperation and unsafe behaviors (27); this will have a lasting impact on group safety awareness and the formation of a safety culture. Finally, the behavior and organizational behavior of miners will affect individual behavioral choices. Once a safety culture is formed, it will exert a profound and lasting influence on miners' safety behavior and safety psychology (28).

In summary, the following 6 potential variables and 18 observational variables affecting miners' safety psychology were established in this study (Table 1).


Table 1. Potential and observed variables table.
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Previous research on miners' safety psychology mostly focused on single factor analysis or normalization of miners' safety psychology, and most relevant studies are carried out from the perspective of enterprise management. For example, Gao believes that the characteristics of miners themselves, including their physiological and psychological states during production, will affect the accuracy of their judgments and behaviors—in particular, miners' bad psychological factors will lead to violations (29). Liu and others believe that “team safety construction” and “leading group” are more recognized, but we still need to pay attention to the “safety management departments” and “laws and policies” factors, and also need to further improve the “work responsibility” and “psychological quality” factors (11). Few studies have constructed a multi-factor comprehensive evaluation model for empirical measurement from the perspective of interaction between internal factors and external behavior environment.

The innovation of this study lies in that six potential variables affecting the safety psychology of coal miners are summarized based on the cognitive psychology theory of K. Koffka, the interaction between the behavioral environment and self-regulation of coal miners in the new era, and previous literatures. This paper further uses second-order confirmatory factor analysis method, analysis the relationship between various factors and interactions. Construct a comprehensive three-level structural model of miners' safety psychology which takes account of both evaluation and path integration (Figure 1), and more targeted exploration of the new era of miners' safety psychology of various derivative factors and structural characteristics.


[image: Figure 1]
FIGURE 1. Comprehensive model of three-level structure.





SAMPLING DESIGN AND QUESTIONNAIRE ANALYSIS

Based on the above 6 potential variables and 18 observation variables that affect miners' safety psychology, the questionnaire, sampling design, and model optimization were carried out in this study.


Sampling Design

This study combines random sampling with Probability-Proportional-to-Size Sampling. Based on the distribution of coal mines in A and B cities, six coal mines were selected randomly. Then, according to the total number of miners in six coal mines and the arrangement of underground work, a certain number of groups were selected according to the Probability-Proportional-to-Size Sampling method, and then random miners were surveyed in the selected groups.

The formula based on sample size was n = Z2*[P*(1-P)/ E2]. If the confidence level was 95% (Z = 1.96), the error value was E = 3%, and the probability value was P = 0.5; so, a sample size of n = 1,067 could be obtained. Therefore, our sample size needed to be at least 1,067. Considering the scale of the enterprises we investigated and in order to minimize sampling errors, with the cooperation of coal mining enterprises, we appropriately expanded the sample size and finally determined 1,500 copies. The total number of people in the 6 coal mines was about 54,000. Thus, the sample size of 1,500 coal miners did not exceed 5% of the total. The sample size did not need be adjusted. Considering that all six coal mining units adopt district, queue, and group scheduling, we adopted phased sampling. We used district as the primary sampling unit (PSU). In the 46 working areas of the 6 mining enterprises, 20 were selected; then, 5 teams were drawn in each working area by drawing lots, and 5 working groups were selected for each team. Finally, 3 people were randomly selected as samples in the group, totaling 1,500 people (Table 2).


Table 2. Group distribution of coal mine workers in two cities: A and B.

[image: Table 2]

The first step was to determine the arrangement of personnel in the six coal mines. The scale of workspace personnel meeting the survey requirements was arranged and the sampling range of each workspace was given.

The second step was to extract the working areas from PPS sampling. First, the interval sampling of K = 54,180/20 = 2,709 was calculated. Using a random number table, a random starting point of 1,123 was given in the range of 1~K. From the total population of 54,180 people, 20 PSU were extracted. According to the principle of equidistant sampling, the second one was 1,123 + 2,709 = 3,832, and so on; in this way, the sampling frame was obtained (Table 3).


Table 3. Sampling frame distribution table.
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The third step was to select five teams by drawing lots in each selected working area.

In the fourth step, starting with 100 teams, the team numbers were found using the random number table method, and 5 teams were extracted.

In the fifth step, in each selected group, three people were surveyed by drawing lots. We drew lots according to the specific number of people in the group, found the workers selected by seat, and then conducted a questionnaire survey.



Questionnaire Issuance

To validate the model and hypothesis, the research team conducted a 9-month empirical study (1.2018–9.2018). Six potential variables and 18 observation variables were measured using the multi-index measurement method. Each measurement statement was measured with a seven-step Likert scale to measure the respondents' different attitudes or tendencies. In the scale, 1 = always, 2 = often, 3 = sometimes, 4 = unclear, 5= occasionally, 6= very little, and 7 = never. A total of 1,500 questionnaires were distributed throughout the process. The data from the questionnaires were manually checked to verify whether the filling was complete, whether the contents were logical, and whether there were contradictions between the front and back. After adjusting or eliminating questionnaires, 1,170 questionnaires were finally identified as valid samples, which accounted for 78% of the total sample. The investigation was divided into two parts: basic information and investigation content. Among them, the basic information mainly included sex, age, marital status, salary level, length of service, and the city where the household registration is located (Table 4). The contents of the survey were carried out from six aspects: miners' professional literacy, non-skill internal causes, safety atmosphere, organizational management, material needs, and emotional attribution. The survey was conducted in the form of face-to-face oral inquiries and self-filled questionnaires by the respondents. The investigators had direct contact with the respondents. The investigators used pre-designed questionnaires to learn the miners' psychological safety states, and then collected the questionnaires on the spot to ensure a good recovery rate. For the oral inquiries, we questioned the miners according to the content of the questionnaire itself. Because some of the interviewees had insufficient knowledge or understanding, our investigators filled in the questionnaire according to the respondents' answers. Self-filled questionnaires were also distributed by the investigators on the spot, and completed by the miners themselves with explanation and guidance.


Table 4. Demographic characteristics of survey samples.
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Questionnaire Analysis

We used SPSS 20.0 software to analyze the data. The goal was to test the difference between the items of the questionnaire or the homogeneity of the items. The results of the analysis could be used to identify whether there were unreasonable items and whether the questionnaire as a whole had good reliability or not.


Project Analysis

The project analysis was intended to confirm the suitability of the indicators designed in the questionnaire—that is, whether there were significant differences in the evaluation of indicators among different samples, and then the necessary reduction of the indicators could be done. Generally, extreme analysis is used in project analysis. Firstly, according to the comprehensive score of this sample, the first 5% sample was defined as the high group, and the last 5% sample was defined as the low group. Then, an independent sample test was carried out for the high and low groups. The scores and total scores of the 18 indicators were tested by extreme group value, and the P < 0.05. This shows that there was a significant difference between the different samples when it came to the safety psychological assessment of the miners.



Reliability Analysis

Reliability refers to the consistency of the results of repeated measurements of the same object by the same method. The Cronbach's alpha test is generally used to test reliability, which is believed to be very credible when the coefficient is above 0.7. The Cronbach coefficients of the six potential variables passed the test criteria (Table 5), and the alpha coefficient of the full scale reliability test was 0.853 > 0.8 (Table 6), which showed that the reliability of each variable was acceptable.


Table 5. Reliability test results of latent variables.
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Table 6. Reliability test results of the whole scale.
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Validity Analysis

Validity analysis is generally achieved by factor analysis; that is, a suitable factor analysis indicates that the indicators have significant structural characteristics. The questionnaire items were based on a scale obtained from the reference literature, not from the subjective design. The item design was revised at a later stage. The research items could really express the concept of the research variables. According to (30), the closer the KMO value is to 1, the greater the sum of squares of simple correlation coefficients between all variables is, the more suitable for factor analysis. Factor analysis is best when KMO > 0.9, acceptable when KMO > 0.7, and unsuitable when KMO > 0.5. It can be seen from Table 7 that the KMO value was 0.828, and factor analysis was appropriate. Bartlett's sphericity test results showed that the approximate chi-square value was 6708.790 and the significance was p = 0.000 < 0.05, which indicated that the data from the normal distribution were also suitable for factor analysis.


Table 7. Inspection of KMO and Bartlett.
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DATA FITTING AND MODEL OPTIMIZATION


Evaluation Model

In this study, the basic data of 6 potential variables and 18 observation variables were standardized and introduced into the miners' safety psychological evaluation system with a 3-tier structure. Factor loads of 18 observational variables on 6 potential variables could be obtained through second-order confirmatory factor analysis (Figure 2).


[image: Figure 2]
FIGURE 2. Three layers of safety psychology for miners.


The model operation showed that the evaluation model with a simple three-tier structure was not ideal, and the factor load of the safety atmosphere on miners' safety psychology and self-efficacy on non-skill internal causes led to an “irregular estimation.” The absolute test, relative test, and coefficient test of the model were not ideal. The chi-square value/DOF value was 35.478 > 5, goodness-of-fit index (GFI) (0.810), comparative fit index (CFI) (0.641), normed fit index (NFI) (0.635), Tucker-Lewis index (TLI) (0.574)—all lower than the standard value of 0.9, and root mean square error of approximation (RMSEA) (0.121) was higher than the standard value of 0.1 (Table 8). The six potential variables of occupational literacy, non-skill internal factors, material satisfaction, mental needs, safety atmosphere, and organizational management were in conflict with the actual situation. For example, the importance of demand satisfaction was only third, which is in line with the current safeguard system of the miners known in the actual survey process. Salaries, benefits, and other reactions did not match. We believe that there may have been multiple path relationships among the six potential variables, and the potential variables had an obvious correlation, which led to duplication of the evaluation information, thus distorting the importance of the potential variables. Therefore, on the basis of the three-tier structural evaluation model, we introduced the path relationships of the six potential variables into the structural equation to achieve the dual goals of miners' safety psychological analysis and path analysis.


Table 8. Factor fitness test.
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Model Optimization
 
Initial Model

Based on the six potential variables of the safety psychology of miners, the structural equation of the latent variable evaluation model was established (Figure 3).


[image: Figure 3]
FIGURE 3. Structural equation diagram of latent variables in evaluation model.




Path Model

Previous research shows that the standardization of the management level will improve the efficiency of the organization (23, 31). The organization efficiency of ascension will further improve the welfare of the individual level and hard guarantee conditions, so as to promote individual security and create a relaxed and harmonious atmosphere (8, 9, 25). Good atmosphere of safety can alleviate the pressure of the job, increase an individual's identity to organization, and enhance individual's sense of belonging to the organization (20, 21). In addition, the skills and professional level of employees are also important aspects that affect the emotional dependence and sense of belonging in the organization. Better skills mean easier access to the trust of the organization, better acceptance by the organization, and continuous strengthening of individual organizational identity (16, 17, 19). Meanwhile, individual skills and professional level are closely related to individual work self-efficacy, emotion, mental state and other non-skilled internal factors (10–12). Good physical and mental state will enable individuals to better maintain professional quality in operations and be more standardized, professional, sober and responsible in specific operations, which having an important impact on the standardized management level of organizations (7, 22, 32). Therefore, it can be seen that there is a mediation effect or transfer effect among the six potential variables to some extent.

Based on the interrelationships between the six potential variables, the following assumptions were made:

H1: “Organizational management” has a significant impact on “material satisfaction.”

H2: “Material satisfaction” has a significant impact on the “Safety atmosphere.”

H3: “Safety atmosphere” has a significant impact on “emotional affiliation.”

H4: “Professionalism” has a significant impact on “emotional affiliation.”

H5: “Non-skill internal causes” have a significant impact on “professionalism.”

H6: “Non-skill internal causes” has a significant impact on “Organizational management.”

Based on the above assumptions, the six structural equations of the latent variable path models were established (Figure 4).


[image: Figure 4]
FIGURE 4. Structural equation map of path model.




Comprehensive Model

The path model was introduced into the evaluation model, and the structural equation of the comprehensive model was constructed (Figure 5).


[image: Figure 5]
FIGURE 5. Structural equation diagram of comprehensive model.






COMPREHENSIVE MODEL CHECKING AND EVALUATION


Violation Estimate

Before testing the fitness of the comprehensive evaluation model, it was necessary to test the “violation estimation” of the model to verify whether the fitting coefficient of the model exceeded the acceptable range. In general, there were two sub-items in the “offense estimate” inspection item: (1) whether there was a negative error variance and (2) whether the standardization coefficient exceeded or approached 1 (usually with a threshold of 0.95). The examination (Table 9) showed that the minimum error variance in the model was 0.013, and there was no negative error variance. The absolute value of the standardized coefficient in the model was between 0.015 and 0.932, not exceeding 0.95. Therefore, there was no violation estimation in the model, and the overall model fit test could be carried out.


Table 9. Variance and normalization coefficient table of model.
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Goodness of Fit Test

In the evaluation of goodness-of-fit, the higher the goodness-of-fit, the more useful the model and the more meaningful the parameter estimation. Chi-square statistics are often used to test the fitness of a model. When the model is completely suitable for the data, the difference value is 0. If the model is not suitable for the data, the difference value is infinite. So, the smaller the general requirement, the better the situation. The chi square value P is the probability of return using the difference value and the degree of freedom. With P > 0.05, it can be concluded that the model and data fit appropriately; with P < 0.05, it can be concluded that the model and data fit inappropriately. The chi-square value of this model was 201.352, and the return probability was 0.733 (Table 10). Chi-square statistics are easily affected by sample size, so besides chi-square statistics, other fitness indexes need to be consulted at the same time. The commonly used statistics for the goodness of fit test are as follows: root mean square error of approximation (RMSEA), goodness-of-fit index (GFI), adjusted goodness-of-fit index (AGFI), normed fit index (NFI), Tacker-Lewis index (TLI), incremental fit index (IFI), comparative fit index (CFI), parsimony-adjusted NFI (PNFI), and parsimony goodness-of-fit index (PGFI) (Table 11). According to the data in the table, the indicators of each statistic were up to the standard. The value-added fitting test showed that the fitting effect of the model was satisfactory. At the same time, it was necessary to test the model coefficients of the comprehensive structural model; that is, to test the non-standardized coefficients of the structural equation (Table 12). The results showed that the coefficient P of the model was <0.05, and all paths passed the test.


Table 10. Chi square test results.
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Table 11. Model fitness factor test table.
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Table 12. Model non-standardized coefficient test results.
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CONCLUSION

By observing the load distribution data of 6 potential variables and 18 observation variables in the comprehensive model (Figure 6), we saw the following: in the new era, with improvements in living standards and production equipment, miners' safety psychology has been affected by the interaction of the self and environment and various potential variables. The structure of the safety demands of coal miners has undergone significant changes. The degree of influence and influence of each factor are different, and the correlations between each factor are also different. All of these facts create new challenges related to the actual needs of coal mine safety production management.


[image: Figure 6]
FIGURE 6. Path map of standardized coefficients of model.


Emotional attribution was the most significant factor affecting the safety psychology of miners in the new era (influencing factor: 0.93). This shows that with the continuous improvements in miners' living standards, their spiritual needs instead of their material needs have begun to occupy the primary position in the miners' psychological needs, which coincides with Maslow's hierarchy of needs theory. At the same time, family relationships (influencing factor: 0.62), professional identity (influencing factor: 0.79), and group relationships (influencing factor: 0.76) had important effects on emotional attribution. Therefore, the effective ways to improve miners' safety psychology are to create a harmonious family atmosphere, improve miners' social status and social recognition, strengthen trade unions, and develop a rich and colorful collective life for workers. As pointed out in H3 and H4, there was a positive correlation between occupational literacy and safety atmosphere (the impact factors were 0.61 and 0.45, respectively). This shows that the miners' professional awareness, responsibility awareness, and safety operational ability affected their personal social positioning and work recognition, and this kind of personal emotional recognition was combined with the corresponding safety policies and organizational behavior, which together had an impact on miners' safety psychology.

The influence of organizational management was slightly lower than that of emotional attribution (influence factor: 0.89), which was still one of the most significant factors affecting miners' safety psychology in the new era. Organizational management was greatly influenced by organizational information transmission (influence factor: 0.66) and operational specifications (influence factor: 0.71). This shows that, in the new era, with the satisfaction of the material life of miners, an organizational consciousness begins to awaken, and they are willing to actively obtain organizational information and actively request standardized management of the organization, hope to be treated fairly, and care about and show willingness to participate in organizational life. At the same time, as a response to H1 and H6, organizational management had a positive impact on other important factors affecting miners' psychological safety, i.e., material satisfaction and non-skill endogenous factors (the impact factors were 0.44 and 0.83, respectively). This shows that perfect organizational management can alleviate the material needs of miners to a certain extent, and more importantly, perfect organizational management can effectively regulate the physiological functions, self-efficacy, and negative emotions of employees, thus having a positive impact on miners' safety psychology. Occupational literacy, material satisfaction, and safety atmosphere had a larger impact on miners' safety psychology (the influencing factors were 0.59, 0.63, and 0.69, respectively). As far as occupational literacy is concerned, miners' sense of responsibility and safety played a leading role in the formation of occupational literacy (the influencing factors were 0.72 and 0.66, respectively). At the same time, professional quality was related to the working mood, physiological state, and self-efficacy of miners. Although the salary level, welfare, and equipment conditions of miners have been greatly improved in the new era, they still play an important role in ensuring miners' psychological safety, which requires long-term attention from managers. As a response to H2, the formation of a safe atmosphere depends on stable material expectations, good group safety concepts, and miners' deep understanding of safety policies, which have a direct and important impact on miners' safety psychology. Surprisingly, the impact of non-skill on miners' safety psychology was at a low level (impact factor: 0.29), which differs from the previous literature. This may be related to the long-term work of miners in high-pressure and dangerous environments, which makes them develop highly stable emotional control and a certain degree of physiological adaptability. However, self-efficacy still had a large impact on non-skill internal factors (impact factor: 0.85). As mentioned in H5, the active self-efficacy construction of miners in organizational management can improve their professional accomplishments and promote the formation of miners' safety psychology.

Based on the actual needs of the current coal mining industry in China, and on the basis of a literature review, this paper constructed a comprehensive psychological evaluation model of miners' safety from the perspective of cognitive psychology, and uncovered the main and secondary factors affecting miners' safety psychology, as well as the influence of the interaction between them, in order to solve the “human error” problem in coal safety production. At the same time, considering that the choice of model path had a direct impact on the weight setting of the evaluation model and the choice of model path was not unique, the comprehensive model constructed in this study has better explanatory ability in some aspects. However, due to the study area, scope and sample size, there may be some inadequate explanations of some issues. Future research is necessary to further expand the sample size to study the safety psychology of coal miners in more coal mining enterprises in different regions, and needs to dedicate more time and manpower to building a more detailed comprehensive evaluation model, which can cover more aspects of the problem.
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