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ABSTRACT

In this paper, complexity theory is regarded as guiding ideology, meta-synthesis method from qualitative to
guantitative is regarded as supervising method, and it integrates many theories and methods, such as, complex
science theory, risk early warning theory, data mining technology, combined with the empirical analysis, the
knowledge of risk early warning in coal mine safety production was studied.
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INTRODUCTION

The industry of coal mine is a high risk industnyGhina, the frequent occurrenceof coal mine act&gdeaused a
great loss to the country and people, which selyaifect the construction of harmonious societyal#o had a bad
influence in internationalcommunity. In the managemof coal mine safety production, changing thespeeand
the empirical mode of safety management to thegineaand the comprehensiverisk early-warning masie¢he
key to solve the frequent occurrence of coal mioents effectively in China. Meta-synthesis metHomm
qualitative to quantitative isregarded as risk yaslarning guidance in mine safety production, oe thasis
ofcollecting comprehensive risk information, judggk state of system in advance bywarning knowleddes and
warning models, then achieve the goal of alarninie tabout current unacceptable risks and real-+uaeing about
future risks. Preventionand control measures cataken in advance based on the results of earlyingyr sothe
coal mine accidents can be eliminated, reduced camdrolled. Implementing riskearly-warning in misafety
production has great significance in implementihgpblicy of the safety production, which iSafety
First,  Prevention Primary,Comprehensive Treatmedhtalso has great significance in improving the
currentserious situation of safe production in aoade.

Theoretical analysis and research hypothesis

Elements of competency are those who work with warrlperformance directly related to the knowledajaility,
character, function or motivation, knowledge, skikbility, motivation, ideas, values and interedtthe integrated
[2]. Learned from the ergonomics theory, the hureamor factors include physiological, psychologicaintent,
professional skills. Physiological function incladi basic conditions, physical strength, enduranug energy;
psychological content include the individual chaéeacindividual psychological tendency, to extersakss, focus
and concentration level; professional skills inéhgdprofessional knowledge, professional technolaggt working
attitude. According to the human engineering themng points out that the personnel physiologicatdies are
fundamental to ensuring staff efficient, accurgteration. Height, audio-visual, arms, body weigitength, heart
and lung function is the basic condition to compléie assignment operator. The employee's physicangth,
energy and stamina is to ensure the continued stifeient operations staff security [3]. Safetypisology theory
suggests that individual characteristics, staffuate, stress psychological tendency and psychodbgicceptance of
work will affect the staff work process reliabilipnd safety performance directly. Employee disimactawareness
level and willpower is low is the main reason lewyplio reduced reliability of operation. Staff a¢ ttompetent state
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must be aware, consciously govern their actionsd, @an focus on work process, to ensure that theegmis
accurate and has good safety performance. Accotditige competence theories, the staff only haskmtiosviedge
and skills associated with high performance, amgh hivork desire and sense of responsibility, cameechuman
error and achieve higher safety performance indperating process. Reliability in operation procasdudes
information awareness, the recognition processidgment, reliability in operation process. Coal iminenterprises
to measure operational safety performance indisatmlude human error rate, violation rate anddexd rate. The
reliability of operation process is to ensure saferation of the foundation and precondition of [@hly in the
process of operation and high degree of reliabitityman error rate can be reduced, the staff uctmuns violation
and accident will be reduced. Therefore, this papetetect, use the following constants such aspHysiological
factors have a significant positive effect on ergp job process reliability; H2: physiological fact have a
significant positive effect on employee safety parfance; H3: psychological factors have a signifigaositive
effect on employee job process reliability; H4: gfsylogical factors have a significant positive effen employee
safety performance. H5: professional skills facthesre a significant positive effect on employee fmocess
reliability; H6: professional skills factors haves@nificant positive effect on employee safetyfpanance; H7:
staff work process reliability has significant pgos effect on employee safety performance.

Security for investigation of influencing factors

This survey is mainly on the investigation of caaine operators the last shift state of physioldgfoaction,

psychological function, professional skills, prozagliability and the safety performance. The doeskire is
quoted by Li Kete's six point scale. In the stattgluoysiological function, investigation, design tberresponding
problem from four aspects of basic conditions, ptalsstrength, stamina, energy; in the psycholdgs&tatus
investigation, from the personal character, tempera, personal psychological tendency, attentianitfion and

consciousness level six aspects corresponding earablin design; professional skill state survey,igieshe

corresponding problem from three aspects: profassibnowledge, technology and work attitude; inigegton of

process reliability, from the information procedsperception, recognition process and operatiorcgutare three
aspects corresponding problems in the design efysperformance; the survey, from the human ewt, rerror the
event rate, violation incidence corresponding peobbtesign.

To ensure that the questionnaire has good reliplaid validity, the application of DelphyFa forvack on the
guestionnaire, and reach a consensus of opinian,tile design of the survey items are scientifid Brasonable.
Then the questionnaire to 30 students Pingmei sHast-line team leader training, on-site intewiguestionnaire
and language expression is accurate and easy &gtadd, and according to the interview and retfisecontent of
the feedback.

Questionnaire

In this paper, the survey in coal enterprise dpesaas the research object, through the questiensarvey method
to obtain reliable data, the actual analysis oftiggothetical situation, investigating a shift oger about state of
physiological function, psychological function, fessional skills, work reliability and safety pemnfance.
Questionnaires in the mine operator | well clagd§ wie survey provided 400 questionnaires, recycBB85 copies,
of which 356 valid questionnaires, the questiorsmbhas 85.3% efficiency, achieve the survey requergm

Research methods

The coal mine safety for operator competent st&teofs using structural equation model (SEM) metlkogerified.
The use of SPSS17.0 analysis of validity and raiigbof the questionnaire.Using AMOS17.0 softwaiar
structural equation model test of goodness ofrfit analysis of [5] on the path.

Tab.1 the questionnaire Crobach 's coefficient

Factor Crobach’s Valug¢ Item numbpr Scale Crobaghlue
Physiological function 0.745 4
Psychological function 0.856 6
Professional skills 0.913 3
Process reliability 0.897 3 0.902
Safety performance 0.916 3 )

Reliability and validity analysis

In this paper, using the SPSS software tools amd ube of Crobach's coefficient method to detect [Bje
guestionnaire. And the level of reliability valigiis a questionnaire based good, influence on sulesd data
analysis results, the reliability coefficient alplelues of the best >0.80 subscales, and best >0.Ti8e scale, if the
internal consistency coefficient below 0.50, th&altscale, reliability coefficient below 0.70, hate modify the
scale and change the items. Table 1 lists the Weasfiggach subscale of the Crobach's coefficiehts,values are
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greater than 0.7, the questionnaire reliabilityuissments.

The application of SPSS software to get the KMQ vatue, and the questionnaire validity analysisngthod of

test for Bartley sphere. According to Kaiser KMCO&0said very suitable; 0.8 < KMO < 0.9 for morerth@a7; in

May, 0.6 when the effect is poor, if KMO<0.5 is neted for factor analysis. After data analysis thatvalue of
KMO 0.835, greater than the critical value of Gignificant probability and factor values is 0,d¢kan 0.001, thus,
the questionnaire data obtained with factor analysi

Path analysis
Through the model of structural equation analygisnmary the path coefficients between factor logalithe latent
variable and table 2.

Tab.2 the factor loading and path coefficient

Route Standard estimat¢s Test valjiet Royte Staeddmates| Test valuelt
El-nl 0.758 3.65 E2—XT 0.568 7.244
£2—-nl 0.539 4.045 £2—x8 0.595 7.579
£3—-nl 0.786 12.99 £2—X9 0.673 8.575
E1-n2 0.139 1.102 £2—x10 0.679 8.652
£2—-n2 0.102 1.277 £3—x11 0.85 8.105
£3—-n2 0.832 12.004 | £3—x12 0.875 8.159
nl-n2 0.857 6.426 £3—x13 0.583 5.252
£1-x1 0.662 7.914 nl-yl 0.586’

E1-%2 0.703 8.21 nl-y2 0.726 7.176
£1—x3 0.835 9.305 nl-y3 0.678 6.883
E1-x4 0.529 6.426 n2—y4 0.773

£2—X5 0.692 7.914 n2—y5 0.811 9.723
£2—X6 0.728 n2—y6 0.630 7.847

Note: the factor loading with superscript "B" index in non standard case isfixed at 1, without calculating the T values

We can see from table 2, the vast majority of vasiie t is greater than the 1.96 fitting requireteglvad factor of 2
and¢ 1, latent variabl€ 2, 1 and; 3, ETA ETA were greater than 0.5, visible obsaoravariables can explain the
latent variables and the corresponding.

hypothesis testing

In this paper is about the analysis and testinth@f% significant level, and the results aresurized in table 3.
Among them, assuming H2 and H4 did not pass thdfgignce test, hypothesis cannot be establishédH3, H5,
H6 and H7 pass the test of significance, hypothesis

Tab.3 hypothesis testing

. The path Test
Hypothesis coefficient value t Result
H1: Physiological factors have a significant positiffee on employee job process reliabilify 0.758 3.65 found
H2: Physiological factors have a significant positiffee on employee safety performance 0.139 1.102 false
H3: Psychological factors have a significant positiffea@ on employee job process reliabilify 0.539 4.045 found
H4: Psychological factors have a significant positiffec on employee safety performancp 0.102 1.277 false
H5: Professional skill factors have a significant pesieffect on employee job process found
2 0.786 12.99
reliability
H6: Professional skill factors have a significant gesieffect on employee safety performarice 0.832 12.04 found
H7: Staff work process reliability has significant gos effect on employee safety 0.857 6.426 found
performance

From the angle of theory analysis and common sehé#iée, the operator physiological and psychol@ditactors

have significant positive effect on employee woakesy performance, but the empirical study shoves the mine
operator physiological factors and psychologicatdes have a positive effect on employee safetfopmance, but
the effect is not significant. The empirical anédysome to an conclusion that function of physigldgctors and
psychological factors have a significant positiffe@ on the performance of staff work processatality, staff

work process reliability has significant positivéfeet on employee safety performance, which canudecthe
operator physiological factors and psychologicaltdes have positive effect on employee safety perémce
through the mediating variable process reliabilBgsed on the above empirical analysis, this artiglieves that
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coal mine safety for operator competence statiergeb the operation of work process with highatglity and
good safety performance, with the individual state physiological function, psychological functionnda
professional skills, is a kind of dynamic statet ttment.

Countermeasures

(1) The establishment of coal mine operators matchiaghanism of psychological factors

Coal mining enterprises in the process of hiringlayees or arrange task, not only to pay atterttioprofessional
skills, deal with the employee's personal characemperament and personality (interest, values) & make
scientific evaluation and post matching degree, aocbrding to the evaluation results of staff paatd make
reasonable adjustments. By matching mechanism &awctieely improve the matching degree of employee
personality psychology and post mine operatorsstabdish psychological factors, effectively imprabe working
interest, so that the right people in the rightitmss, improve process reliability.

(2) The establishment of psychological functionrap@r mine evaluation mechanism

In the changeable and complicated social enviromneath worker is in a different environment, exgering a
variety of shocks, when workers face an importdrgiae or family crisis, the balance of heart ié broken,
when the psychological burden and overloading, apera sense of inner balance is not timely recoasbn, will
cause the workers distracted, stress disorder, weldpower, arousal level drop and a series of egugnces,
psychological state of unhealthy can no longer caiemt job requirements. Therefore, through thebéistanent of
evaluation mechanism of mental function operatarengffective psychological function no longer cotepe state
selected staff work requirements, and psycholoditalvention in its, make its attention, awarenfesghe arousal
level, will force capable of operating requirements

(3) Improve the mine operator skill factors evaloatmechanism

Professional skill factors of coal mine operatars the basis for the correct and safe operatiohefstaff. In the
coal mine operators pre-evaluation system, neegnbfessional function factors, selected to meetrédguirements
of the staff, for the incompetent employees, neefutther strengthen the education and trainingrofessional
skills, only to meet job requirements, and theamge the work.

CONCLUSION

Professional skills and operation reliability ofatonine operators have a significant positive éffac employee

safety performance, physiological factors, psycyigial function factors through operation relialyilitas a positive

impact on the safety of the staff performance. fikle early warning model based on set-pair analywery was

studied.Point to the uncertain feature of risk e the description of risk state byconnectiogrde based on the
description of macro and micro evolution, and apedithe uncertain interval of connection degree dtastrophe

model; proposed thirdwarning degree for dominask @and fifth warning degree for recessive risk basset-pair

analysis model, then verified by examples.
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